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THE  COMMANDANT  Of  THE  UNITED  STATES  COAST  GUAR 
WASHINGTON  20590 


11  April  1971* 

TO  UNITED  STATES  MARITIME  INTERESTS: 
SUBDIVISION  AND  STABILITY  OF  PASSENGER  VESSELS 


The  documents  attached  concern  a  new  equivalent  system 
of  international  regulations  on  the  subdivision  of  passenger 
ships,  adopted  in  November  1973  by  the  Assembly  of  the  Inter¬ 
governmental  Maritime  Consultative  Organization  (IMCO).  These 
new  regulations  are  considered  an  alternative  to  the  provision 
of  the  I960  Convention  on  the  Safety  of  Life  at  Sea. 

This  system  of  regulations  is  the  result  of  12  years  of 
study  internationally  by  the  IMCO  Subcommittee  on  Subdivision 
and  Stability,  in  which  some  20  countries  participated.  Based 
on  probability  principles,  this  new  system  focusses  directly 
upon  the  ability  of  a  ship  to  survive  damage.  It  imposes 
fewer  constraints  upon  design  and  will  permit  the  Coast  Guard 
as  the  U.  S.  maritime  safety  agency  to  be  responsive  to  novel 
hull  arrangements. 

The  text  attached  and  the  explanatory  notes  I  commend  to 
your  attention  in  the  interest  of  Maritime  Safety.  A  profes¬ 
sional  paper  now  under  development  for  possible  presentation 
to  the  Society  of  Naval  Architects  and  Marine  Engineers  will 
develop  in  greater  detail  the  application  of  these  new  rules. 

Toward  our  common  goal  of  safety  at  sea. 


Admiral,  U.  S.  Coast  Guard 
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RESOLUTION  A.265(VHI) 

adopted  on  20  November  1973 

REGULATIONS  ON  SUBDIVISION  AND  STABILITY  I 
PASSENGER  SHIPS  AS  EQUIVALENT  TO  PART  B  C 
CHAPTER  II  OF  THE  INTERNATIONAL  CONVENTK 
FOR  THE  SAFETY  OF  LIFE  AT  SEA,  1960 


THE  ASSEMBLY. 


c°ast  guar 
mar  2  o 
Washington,  D  n 

_  G-4  r  a 


NOTING  Article  16(i)  of  the  Convention  on  the  Inter-Governmental  Maritime  Consultative  Organization 
concerning  the  functions  of  the  Assembly , 

NOTING  ALSO  Recommendation  6  of  the  International  Conference  on  Safety  of  Life  at  Sea.  1960. 

BEARING  IN  MIND  Regulation  5  of  Chapter  I  of  the  International  Convention  for  the  Safety  of  Life  at 
Sea.  1960. 


HAVING  CONSIDERED  the  Recommendation  of  the  Maritime  Safety  Committee  at  its  twenty-seventh 
session  on  the  adoption  of  Regulations  on  Subdivision  and  Stability  of  Passenger  Ships  as  an  equivalent  to 
Part  B  of  Chapter  II  of  that  Convention  and  consequential  changes  to  other  Pans  of  that  Chapter,  as  well  as 
explanatory  notes  to  the  aforementioned  Regulations  prepared  by  the  Subcommittee  on  Suvdivision  and 
Stability,  which  have  been  circulated  to  governments  in  MSC/Circ.153  for  guidance  and  information, 

RECOMMENDS  that  governments  concerned  accept  the  total  application  of  the  Regulations  on 
Subdivision  and  Stability  of  Passenger  Ships  set  out  in  the  Annex  to  this  Resolution  as  being  equivalent  to  and 
a  total  alternative  to  the  provisions  of  Pan  B  of  Chapter  II  of  the  International  Convention  for  the  Safety  of 
Life  at  Sea.  1960, 

INVITES  governments,  through  the  Organization,  to  exchange  information  on  the  action  taken  in  this 
respect, 

RECOMMENDS  that  governments,  through  the  Organization,  should  exchange  experience  gained  as  a 
result  of  using  these  Regulations,  particularly  in  regard  to  the  use  of  such  relaxations  which  are  permitted  by 
Regulation  2(  d). 

REQUESTS  the  Maritime  Safety  Committee  to  consider  comments  submitted  as  a  result  of  the  application 
of  these  Regulations  with  a  view  to  practical  evaluation  of  the  Regulations  and  determining  their  suitability  and 
related  necessary  changes  to  Chapter  II  of  that  Convention,  as  amendments  to  that  Chapter. 


ANNEX 


REGULATIONS  ON  SUBDIVISION  AND  STABILITY  OF 
PASSENGER  SHIP-  AS  AN  EQUIVALENT  TO  PART  B  OF 
CHAPTER  II  OF  THE  INTERNATIONAL  CONVENTION 
FOR  THE  SAFETY  OF  LIFE  AT  SEA.  1960 


1.  The  Regulations  hereunder  constitute  an  equivalent  to  and  a  total  alternative  to  the  requirements  of 
Part  B  of  Chapter  11  of  the  International  Convention  for  the  Safety  of  Life  at  Sea,  1960  for  passenger  ships. 


2.  In  applying  these  equivalent  Regulations  the  following  should  he  observed  lor  other  Parts  of  Chapter  II 
of  that  Convention : 

Pert  A  Regulation  1(d)  and  Regulation  2  are  not  applicable. 

Parts  C.  F  and  H 

In  Regulations  25(a).  57(b).  68(a).  94(  I ).  9tqb).  99(a). (b)  and  (c) and  108  the  term  “bulkhead 
deck"  is  to  be  replaced  by  the  term  "relevant  bulkhead  deck"  as  defined  in  Regulation  1(e)  ,.f 
the  equivalent  Regulations. 

5.  The  following  references  to  Regulations  relate  solely  in  the  Regulations  of  this  Equivalent. 

Regulation  I  -  Definitions 

For  the  purpose  of  these  Regulations,  unless  expressly  provided  otherwise: 

la)  (O  A  "subdivision  loadline"  is  a  waterline  used  in  determining  the  subdivision  of  the  ship:  and 

l  in  the  "deepest  subdivision  ioadline"  is  the  wateiline  which  corresponds  to  the  greatest  draught 
permitted  by  the  subdivision  tequiiements  which  are  applicable. 

i  bi  the  “subdivision  length  of  the  ship"  4  Lj  is  the  extreme  moulded  length  of  that  part  of  the  ship  below 
the  immersion  limit  tine. 

(cl  "midlength"  is  the  midpoint  of  the  subdivision  length  of  the  ship  I L,). 

id)  li)  the  "breadth"  ( Bt )  is  the  extreme  moulded  breadth  of  ihe  ship  at  midlength  at  or  below  the 
deepest  subdivision  Ioadline: 

(til  the  “breadth”  (B* )  is  the  extreme  moulded  breadth  of  the  shtp  at  midlength  at  the  relevant 
bulkhead  deck. 

tel  The  “relevant  bulkhead  deck"  is  the  uppermost  deck  which,  together  with  the  watertight  bulkheads 
hounding  the  extent  of  Hooding  under  consideration  and  the  shell  of  the  ship,  defines  the  limit  ol 
watertight  integrity  in  the  flooded  condition 

t  f)  The  "immersion  limit  line"  at  any  point  in  L„is  defined  hy  the  Inchest  relevant  bulkhead  deck  ai  side 
at  that  point. 

tgl  The  “draught”  (dj)  is  the  vertical  distance  from  the  moulded  base  line  at  midlength  to  the  waterline  in 
question. 

It)  The  "subdivision  draught"  ld„)  is  die  draught  up  to  the  subdivision  Ioadline  in  question. 

t  ii)  The  "lightest  service  draught"  id  ,)  is  the  service  draught  corresponding  to  the  lightest  anticipated 
loading  and  associated  tankage,  including,  however,  such  ballast  as  may  be  necessary  for  stability 
and'or  immersion. 

(iiil  Intermediate  draughts  between  d>  and  d„  are 

Ji  *  d,  -  $<d,  -  d0)  , 

dj-d,  J Id,  -  d„> 
d,  -d, -i(d,  -  d„> 

tit)  Tite  “effective  mean  damage  freeboard"  ( F , )  is  equal  to  the  projected  area  of  that  part  of  the  ship  taken  in 
the  upright  position  between  the  relevant  bulkhead  deck  and  the  damage  waterline  and  between  |  L„  forward 
and  abaft  the  nudlength  divided  hy  j  L  .  In  making  this  calculation  no  part  of  the  area  which  is  more  than 
0.2b;  above  the  damage  waterline  shall  he  included.  However,  if  there  are  stairways  or  other  openings  in 
the  bulkhead  deck  through  which  senous  downflooding  could  occur  Ft  shall  be  taken  as  not  more  than 
J(B;  tang  0r).  where  0,  is  the  angle  at  which  such  openings  would  be  immersed. 

It)  The  “permeability"  (pi  of  a  space  is  the  proportion  of  the  immersed  volume  of  that  space  which  can  be 
occupied  by  water. 
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Regulation  2  -  Subdivision  Index 

(a)  To  provide  for  buoyancy  and  stability  after  collision  or  other  damage,  ships  shall  have  sufficient  intact 
stability  and  be  as  efficiently  subdivided  as  is  possible  having  regard  to  the  nature  of  the  service  for  which  they 
are  intended. 

(b)  The  subdivision  of  a  ship  is  considered  sufficient  if: 

(i)  the  stability  of  the  ship  in  damaged  condition  meets  the  requirements  of  Regulation  5;  and 

(ii)  the  attained  Subdivision  Index  A  according  to  Regulations  6  and  7  is  not  less  than  the  required 
Subdivision  Index  R  calculated  m  accordance  with  paragraph  (c)  of  this  Regulation. 

(c)  The  degree  of  subdivision  is  determined  by  the  required  Subdivision  Index  R.  as  follows: 


(in  feet) 

. (!) 

(in  metres) 


Where: 

'  N  *  N,  *  2Nj 

N|»  number  of  persons  for  whom  life-boats  are  provided. 

Nj*  number  of  persons  (including  officers  and  crew)  that  the  ship  is  permitted  to  carry  in  excess 
of  N,. 

(d)  Where  the  conditions  of  service  are  such  that  compliance  with  paragraph  (b)  of  this  Regulation  on  the 
basis  of  N  *  N,  +  2N,  is  impracticable  and  where  the  Administration  considers  that  a  suitably  reduced  degree  of 
hazard  exists,  a  lesser  value  of  N  may  be  taken  but  in  no  case  less  than  N  ■  Nt  ♦  Ns . 

Regulation  3  -  Special  Rules  concerning  Subdivision 

(a)  In  ships  330  feet  (or  100  metres)  in  length  and  upwards  the  watertight  transverse  bulkhead  next  abaft  the 
torepeak  bulkhead  shall  be  located  so  that  the  s-value,  as  defined  in  Regulation  6(a),  for  a  combination  of  the 
forepeak  and  adjacent  compartment,  calculated  by  formulae  (VIII)  and  (IX)  shall  not  be  less  than  1 .0.  However, 
in  no  case  shall  the  distance  between  the  forepeak  bulkhead  and  the  next  bulkhead  be  less  than  the  longitudinal 
extent  cf  damage  specified  in  Regulation  5(bXi). 

lo)  A  watertight  transverse  bulkhead  may  be  recessed  provided  that  all  parts  of  the  recess  lie  inboard  of 
vertical  surfaces  on  both  sides  of  the  ship,  situated  at  a  distance  of  0.2Bt  from  the  ship’s  side,  and  measured  at 
right  angles  to  the  centreline  at  the  level  of  the  subdivision  loadline.  Any  part  of  a  recess  which  lies  outside 
these  limits  shall  be  dealt  with  as  a  step,  as  provided  in  Regulation  S(bX>)- 

Regulation  4  -  Permeability 

(a)  For  the  purpose  of  the  subdivision  and  damage  stability  calculations  of  Regulations  5. 6  and  7  the 
permeability  of  each  space  or  part  of  a  space  subject  to  flooding  either  during  any  intermediate  stage  or  in  the 
final  stage  of  flooding  shall  be  as  follows: 


1000 

1.22L,  +  N  ♦  1500 
1000 

4L>  +  \  +  1500 


Space* 

Appropriated  as  accommodation  for  passengers  and  crew, 
or  other  spaces  not  specifically  herein  designated . 

Appropriated  for  machinery  . . . 

Normally  occupied  by  stores . 

Intended  for  consumable  liquids . 

*  whichever  remits  in  the  more  saver*  requirement. 


Permeability  (H) 


0.95 

0.85 

0.60 

0.00  or  0.95* 


V  Mil  Kos.265 
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tb»  The  permeability  u  of  any  space  appropriated  for  cargo  shall  be  assumed  to  vary  with  the  draught 
before  damage  in  such  a  way  that  for  any  initial  draught  dt  the  permeability  px  of  any  cargo  space  shall  be 
i. 'ken  as: 


P,  *  1.000 


ds 


0.05(d,  -  dj) 
Id,  -  d0) 


but  not  more  than  0.d5  nor  less  than  0.60. 


1 1 »  If  the  ship’s  arrangement  or  service  are  such  that  the  use  of  other  permeabilities  resulting  in  more  severe 
u  inurements  is  logical  the  use  of  other  permeabilities  may  be  required  by  the  Administration. 


Regulation  5  -  Subdivision  and  Damage  Stability 

i  .1  Mil  fie  tent  intact  stability  shall  be  provided  in  ail  service  conditions  so  as  to  enable  the  ship  to  comply  with 

the  piovisions  of  this  Regulation.  Before  certification  of  the  ship  the  Administration  shall  be  satisfied  that  the 
•  conned  intau  stability  can  practicably  be  obtained  in  service. 


'i  to  All  ships  -lull  be  so  designed  as  to  comply  with  the  provisions  of  this  Regulation  in  the  event  oi 

tlixidinc  due  to  one  side  damage  with  a  penetration  of  Q.2Bt  from  the  ship's  side  at  right  angles  to 
i lie  centreline  at  the  level  of  the  subdivision  loadline  and  a  longitudinal  extent  of  4.8  feet 
1 3.00  meties)  ♦  0.03LS,  or  36  feet  ( 1 1  metres)  whichever  is  the  less,  occurring  anywhere  in  the 
ship’s  length,  but  not  including  a  transverse  bulkhead.  However,  where  a  bulkhead  is  stepped  it  shall 
be  assuineJ  as  subject  to  damage. 

t  in  Ships  for  which  N  is  more  than  600  shall  additionally  be  able  to  comply  with  this  Regulation  in  the 
event  of  flooding,  due  to  side  damage  including  transverse  bulkheads  occurring  anywhere  within  a 
Icugii  equal  io  1 23T)  -  1.00)L,,  measured  from  the  forward  terminal  of  L,.  where  N  is  as  defined 
in  Regulation  3(c)  and  (d).  The  value  of  (  ^  -  1.00)  shall  not  be  more  than  one. 

dill  In  any  calculation  required  under  this  paragraph  the  damage  shall  be  assumed  to  extend  from  the 
base  line  upwardswithout  limit.  However,  if  flooding  due  to  a  lesser  extent  of  damage  either 
vertically,  transversely  or  longitudinally  results  in  a  higher  necessary  intact  metacentric  height,  such 
j  lessoi  extent  of  damage  dull  be  assumed  In  all  cases,  however,  only  one  breach  in  the  hull  and 
•  t.ly  one  ircc  surface  need  be  assumed.  For  the  purpose  of  assessing  heel  prior  to  equalization  the 
bulkheads  and  deck  bounding  refrigerated  spaces  and  other  decks  or  inner  divisions  which  in  the 
opinion  oi  the  Administration  are  likely  to  remain  sufficiently  watertight  after  damage,  shall  he 
regarded  as  limiting  Hooding.  Otherwise,  tlooding  shall  be  assumed  as  limited  only  by  undamaged 
watertight  structural  divisions. 

( i )  In  the  final  stage  of  Hooding: 

<  I )  there  shall  be  a  positive  metacentric  height.  CM.  calculated  by  the  constant  displacement 
method  and  for  the  ship  in  upright  condition,  of  at  least 


GM 


0.003 


B,*(N,  +  N,) 

*F, 


C.M 


=  O.U4‘> 


h 


(in  feet) 


or 


GM 


0.015  — 

•  t 


(in  metres) 


or 


l»M  *  2  inches  (0.0S  in)  whichever  is  the  greater 

Where  £>  *  displacement  of  the  ship  in  the  undamaged  condition  (in  long  tons  or 
metric  tons  respectively); 

(2)  the  angle  of  heel  in  the  case  of  one  compartment  flooding  shall  not  exceed  7  degrees.  For  the 
simultaneous  Hooding  of  two  or  more  adjacent  compartments  a  heel  of  1 2  degrees  may  be 
permitted  unless  the  Administration  considers  a  lesser  heel  necessary  to  ensure  an  adequate 
amount  and  range  of  residual  stabdity; 
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(3)  except  in  way  of  the  flooded  compartment  or  compartments  no  part  of  the  relevant  bulkhead 
deck  at  side  shall  be  immersed. 

(ii)  Unsymmetrica!  flooding  shall  be  kept  to  a  minimum  consistent  with  efficient  arrangements.  If  anv 
equalizing  arrangements  are  necessary'  to  ensure  that  the  angle  of  heel  in  the  final  stage  of  flooding 
does  not  exceed  the  limits  specified  in  sub-paragraphs  4iX2)  and  (3)  of  this  paragraph,  these 
arrangements  shall,  where  practicable,  be  self-acting.  However,  if  controls  are  necessary,  thev  shall 
be  operable  from  above  the  highest  relevant  bulkhead  deck.  All  such  arrangements  shall  be 
acceptable  to  the  Administration. 

(iii)  The  Administration  shall  he  satisfied  that  stability  prior  to  equalization  is  sufficient.  However,  in  no 
case  shall  the  maximum  heel  before  equalization  exceed  20  degrees  nor  shall  it  result  in  progressive 
flooding.  Additionally,  the  time  for  equalization  of  cross-connected  spaces  to  at  least  the  limns 
specified  in  sub-paragraphs  0X2)  and  (3)  of  this  paragraph  shall  not  exceed  ten  minute*. 

(iv>  The  Administration  shall  be  satisfied  that  the  residual  stability  is  sufficient  during  intermediate 
flooding  and  that  progressive  flooding  will  not  take  place.  Calculations  relative  thereto  shall  be  in 
accordance  with  the  provisions  of  sub-paragraph  (bXiii)  of  this  Regulation,  respecting  the  assumed 
extent  of  damage  and  resulting  extent  of  flooding.  Heel  during  intermediate  flooding  due  either  ic 
negative  metacentric  height  alone  or  in  combination  with  unsymmetrical  flooding  shall  noi  exceed 
20  degrees. 

(d)  Damage  stability  calculations  performed  in  compliance  with  this  Regulation  shall  be  such  as  to  take 
account  of  the  form  and  the  design  characteristics  of  the  ship  and  the  arrangements,  configuration  and  probable 
contents  of  the  compartments  considered  to  be  flooded.  In  making  calculations  for  heel  prior  to  equalization 
and  for  equalizatior  lime,  the  flooding  of  that  portion  of  the  ship  opened  to  the  sea  shall  be  assumed  to  be 
completed  prior  to  commencement  of  equalization.  For  each  initial  draught  condition  the  ship  shall  be  at  the 
most  unfavourable  intact  service  trim  anticipated  at  that  draught  having  regard  to  the  influence  of  the  trim  on 
the  freeboard  in  the  flooded  condition. 

(e)  The  intact  metacentric  height,  and  corresponding  vertical  centre  of  gravity,  necessary  to  provide 
compliance  with  the  requirements  specified  in  paragraphs  (b)  and  (c)  of  this  Regulation  shall  be  determined  for 
the  operating  ranee  of  draughts  between  d,  and  d0.  If  (ds-d0)  does  not  exceed  0.1  d,,  damage  stability 
calculations  may  be  made  only  for  d,  and  dp,  and  the  intermediate  values  may  be  obtained  by  linear  interpola- 
Jion.  If  <ds-d0)exceeds  0.1  d,.  damage  stability  calculations  shall  also  be  made  for  at  least  one  additional 
intermediate  draught.  However,  in  all  cases  where  there  are  vertical  discontinuities  in  permeabilities  or  in  free 
surfaces  which  may  result  in  discontinuities  in  the  necessary  intact  metacentric  height,  damage  stability 
calculations  shall  be  made  for  the  corresponding  draughts  in  order  to  define  such  discontinuities. 

Regulation  6  -  Attained  Subdivision  Index  A 

4a)  (i)  In  addition  to  complying  with  Regulation  S  the  attained  Subdivision  Index  A  shall  be  determined 

for  the  ship  by  formula  411) 

A  *  £  aps . (II) 

Where: 

“a”  accounts  for  the  probability  of  damage  as  related  to  the  position  of  the  compartment  in  the 
ship  s  length, 

"p"  evaluates  the  effect  of  the  variation  in  longitudinal  extent  of  damage  on  the  probability  that 
only  the  compartment  or  group  of  compartments  under  consideration  may  be  flooded,  and 

“s”  evaluates  the  effect  of  freeboard,  stability  and  heel  in  the  final  flooded  condition  for  the 
compartment  or  group  of  compartments  under  consideration. 

(ii)  The  summation  indicated  by  formula  (H)  is  uken  over  the  ship's  length  for  each  compartment 
uken  singly.  To  the  extent  that  the  related  buoyancy  and  stability  in  the  final  condition  of  flooding 
are  such  that  **s”  is  more  than  zero,  the  summation  is  also  taken  for  all  possible  pairs  of  adjacent 
compartments,  and  may  be  taken  for  all  possible  groups  of  a  higher  number  of  adjacent  compart¬ 
ments  if  it  is  found  that  such  inclusion  contributes  to  the  value  of  the  attained  Subdivision  Index  A. 

(iii)  Wherever  wing  compartments  are  fitted  and  where  the  assumed  damage  used  in  the  damage  stability 
calculations  according  to  Regulation  S  forming  the  basis  for  the  “s”  calculation  does  not  result  in 
flooding  of  the  associated  inboard  spaces,  “p”  shall  be  multiplied  by  “r”  as  determined  in 
Regulation  7(b). 
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tb)  The  factor  "a”  in  formula  (II)  shall  be  determined  fot  each  compartment  and  lor  each  group  of 
>.  impart  men  ;s  b\  formula  ( III  l: 


a  *  0.4  £l  ♦  ♦  $,  ♦  J 


Where 


X, 

*i  *  -p  if  x,  is  equal  to  or  less  than  0.5 


and  otherwise 
*  0.5 
X, 


*  p-  if  \  is  equal  to  or  less  than  0  5L, 

S 


and  otherwise 

t  -.IS 


V,  ♦  X, 

S,:  * - j— ^-if  X,  ♦  Xj  ij  equal  to  or  less  than  L„ 


till) 


and  otherwise 

S,;  »  !  0 

and  where 

*  the  distance  from  the  aft  terminal  of  L.  to  the  a:t  end  of  the  considered  compartment  or 
-ro.:p  ot  adjacent  compartment': 

*  the  distance  irom  the  aft  terminal  e-t  to  toe  forward  end  of  tne  considered  compartment  ■.» 
croup  of  adjacent  compartments. 


h-r  purposes  of  this  paragraph  and  of  parugupr.  ki  of  this  Regulation,  with  respect  to  the  lengtn 
oi  an>  compartment  or  groups  of  compartments  under  consideration,  u  here  one  or  both  of  the 
1. mitmg  bulkheads  have  sieps.  the  forward  and  after  ends  of  :he  considered  compartment  or  group 

.  .T  v  111  “V  1  »  all  ill  •  >.  1/  an  ■  iha  I  ■  .  f  I  !•  a  1 1-  It  ai.4.  inki.<l>  •  a.- 1  t.-v  a.t.sk  ilka< 


n.T.iting  bulkheads  have  steps,  me  lorwaro  ar.c  alter  enos  oi  ;ne  consioerea  compartment  or  grou 
■  •f  comrartments  shall  be  taken  at  the  poition:  of  the  bulkheads  which  are  nearest  to  each  other. 


t .  i  Th.r  i tor  "p  in  icrmula  (II)  shall  be  determined  tor  each  comoartment  and  for  each  g:<>up  oi 
•pa:;r.tcf>  K  lormulaetlV)  -  »\ II). 


in 


In  general.  ,4p"  shall  be 
r  *  W 


Where 


4.46^jQ* -6.20  for  i  ecuai  to  i 

_J  0.24  or  less  i 

.nd  otherwise.  J 

W  [j  °»;  8  -  0.086 J  { 


(IV) 


i  •  the  length  of  compartment  or  group  of  compartments  as  defined  in  paragraph  (b)  of  this 
Regulation 

W  »  !  u  and  X  »  L*  for  L,  ■  n55  teet  i20u  metres!  cr  less 
ai’J  nerwtse. 


W  »  -  and  X  *  655  ( fot  L,  in  feet  i 


IM 


I  -  In 


and  X  *  200 1  for  Lv  in  metres  i 


A  VII!  Res.2b5 


-  7  • 


Oi)  To  evaluate  "p"  for  compartments  taken  singly,  formulae  (IV)  are  applied  directly. 

(lii)  To  evaluate  the  “p"  values  attributable  to  groups  of  compartments,  the  following  supplementary 
nomenclature  and  formulae  apply : 


fii ,  £j.  £j,  £4,  etc.  are  the  lengths  of  compartments  taken  singly 
£u.  £33 .  £j«.  etc.  are  the  lengths  of  pairs  of  adjacent  compartments 
£>aa-  £334.  etc.  are  the  lengths  of  groups  of  three  adjacent  compartments 
£1334  •  etc.  is  the  length  of  a  group  of  four  adjacent  compartments 

Pi  -  Pi  -  Pa-  Ta.etc.  are  p  calculated  by  formulae  (IV) 
using  £,.  £3,  £3.  £4.  etc.  as  £. 

Pii-  P23.  P34-  etc.  are  p  calculated  using  £13.  C33,  £j«.  etc.  as£ 

P133 •  P334 .  etc.  are  p  calculated  using  £133,  £334.  etc.  as  £. 

P1234.  etc.  is  p  calculated  using  £1334.  etc.  as  £. 


For  compartments  taken  by  pairs. 

P  =  Pn  -  Pi  -  P:  or  ) 

P  *  P:?  -  P:  -  P3  •  etc.  ' 


(V) 


For  compartments  taken  by  groups  of  three, 

P  *  Pi 23  -  P12  ~  P23  +  P2  •  or  ) 
P=P»4  -  P23  -  Pi4  +  Pi-  etc.  > 


(V!) 


For  compartments  taken  by  groups  of  four. 

P=  Pi 234  -  P.33  -  P134  +  P23.  etc  .  (VII) 


(d)  The  factor  “s"  in  formula  (11 )  shall  be  determined  for  the  final  stage  of  flooding  for  each  compartment  and 
for  each  group  of  compartments  by  formulae  (Vlll)  and  (IX). 

(i)  In  general,  for  any  condition  of  flooding  from  any  initial  draught  dj,  s,  shall  be. 


*1- 


;,70  j(£.  -  l>m»)  (CMR  -  MMs)j  ’ 


S:  =  4.0 


but  not  more  than  1 .0 


) 

(in  feet)  ) 
) 
) 
) 

(in  metres)  ) 
) 
) 


(Vlll) 


Where: 

0  *  the  angle  of  heel  due  to  unsymmetrical  flooding  in  the  final  condition  after 

cross-flooding,  if  any  ; 

GMr  *  the  highest  required  intact  metacentric  height  at  the  relative  draught,  as  determined 

m  Regulation  5(e)  or  if  a  higher  metacentric  height  is  to  be  specified  in  the  instructions 
to  the  Master,  that  value  may  be  used; 

MM$  *  the  reduction  in  the  height  of  the  metacentre  as  a  result  of  flooding,  calculated  for  the 
ship  in  the  upright  position  in  the  final  stage  of  flooding. 

(ii)  For  each  compartment  and  for  each  group  of  compartments,  “s”  is  taken  as: 
s »  0.45s,  +  o.33s,  +  o.::s3  .  (IX) 

Wl\pre: 

s,  *  s,  calculated  for  the  ship  at  initial  draught  d, 
j,  *  S|  .  d, 

s,  *  ^  .  d, 

d|,  d,  and  d,  as  defined  in  Regulation  l(gK>>>)- 

Values  of  GMr  for  the  draughts  dt ,  d,  and  d,  are  determined  from  the  plot  of  GMr  versus 
draught  to  be  furnished  to  the  Master  of  the  ship  in  accordance  with  Regulation  8.  Values  of 
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MM5. 0  and  F|  for  these  draughts  are  determined  from  plots  of  damaged  condition  vertical 
metacentre,  trim,  draught  and  heel  versus  undamaged  draught,  determined  in  accordance  with 
Regulation  S(e). 

(iii)  Provided  a  positive  contribution  to  the  attained  Subdivision  Index  A  is  obtained  thereby,  the 

flooding  of  combinations  of  adjacent  compartments  in  excess  of  those  required  for  compliance  with 
Regulation  5(bHi)  and  (ii)  may  be  included  in  the  calculations.  However.  Sj  shall  be  taken  as  zero 
for  any  case  of  Hooding  which  results 

( 1 )  during  intermediate  flooding  or  prior  to  equalization  in  an  angle  of  heel  in  excel*  20  degrees 
or  which  immerses  any  opening  through  which  downflooding  might  take  place.  »- 

(2)  for  the  final  stage  of  flooding,  except  in  way  of  the  flooded  compartment  or  coi  'ments.  in 
immersion  of  the  relevant  bulkhead  deck  at  side,  or  heel  in  excess  of  1 2  degrees. 

(GMg  -  MM5)  less  than  2  inches  (0.05  metre!. 


Regulation  7  -  Combined  Longitudinal  and  Transverse  Subdivision 

(a)  Regulation  6  is  predicated  upon  the  condition  that  transverse  bulkheads  ordinarily  extend  from  side  to 
side.  However,  an  Administration  may  also  accept  a  combination  of  transverse  and  longitudinal  watertight 
bulkheads  wherein  some  of  the  transverse  watertight  bulkheads  extend  inboard  only  to  longitudinal  watertight 
bulkheads,  provided  that: 

(il  A  horizontal  watertight  division  located  not  less  than  0.1  B)  above  the  base  line  is  fitted  in  the  centre 
space  between  the  longitudinal  bulkheads,  and  the  space  below  the  horizontal  division  is  subuiuceu 
*  by  watertight  bulkheads  in  line  with  the  watertight  transverse  bulkheads  in  the  wings  or  by  equivalent 
means. 


( ii)  Compliance  with  the  provisions  of  Regulation  5  is  demonstrated. 

(111)  The  Subdivision  Index  A.  calculated  according  to  paragraphs  (b)  and  (c)  of  this  Regulation  is  not  less 
than  the  required  Subdivision  Index  R. 


(b)  To  calculate  the  contribution  of  the  wing  compartments  to  the  attained  Subdivision  Index  A: 

(1)  “a”  is  calculated  as  in  Regulation  6(b)  using  the  distances  from  the  aft  terminal  of  L,  to  the 
transverse  bulkheads  bounding  the  considered  w  mg  compartment  or  group  of  compartments. 


(ii) 


"p”  is  obtained  by  multiplying  the  values  obtained  by  application  of  formulae  1 IV)  of  Regulation  n(c> 
by  the  reduction  factor  'V  according  to  formulae  <  X).  which  represents  the  probability  that  the 
inboard  spaces  will  not  be  flooded. 


(I) 


Where  8/L,  is  equal  to  or  more  than  0.2  b/3, 


r  *  |:.8  ♦  0.08  (8/  L,  ♦  0.02)j 

if  b.  B,  is  equal  to  or  less  than  0.2.  and 


r  -  0.016/4 8/L,  ♦  0.02)  +  b/B,  +  0.36 
if  b/B,  is  greater  than  0.2. 


i\> 


(2)  Where  8/L,  is  less  than  0.2  b/Ba .  r  shall  be  determined  by  linear  interpolation  between  !  0 
for  8/L,  *  0  and  the  r-value  calculated  by  formulae  (X)  for  8/L,  a  0.2  b/Bt . 

In  formulae  (X)  the  terms  have  the  following  meaning: 

8  *  the  distance  between  the  longitudinal  limits  used  for  the  calculation  of  “a”  and  "p  as 
defined  in  Regulation  64b)  and  (c). 

b*  the  mean  transverse  distance  measured  at  right  angles  to  the  centreline  at  the  subdivision 
loadhne  between  the  shell  and  a  plane  through  the  outermost  portion  of  and  parallel  to 
.  that  part  of  the  longitudinal  bulkhead  which  extends  between  the  longitudinal  limits 
used  in  calculating  “a". 

(iii)  -s"  is  calculated  as  in  Regulation  6(d).  treating  the  inboard  spaces  as  not  flooaable.  i.e.  V  m  0. 


(c)  If  the  attained  Subdivision  Index  A  obtained  by  application  of  the  procedures  in  paragraph  (b)  of  this 
Regulation  is  less  than  the  required  Subdivision  Index  R.  the  additional  contribution  to  the  attained  Subdivision 
Index  A  attributable  to  flooding  of  spaces  inboard  of  the  longitudinal  bulkheads  together  with  the  outboard 
spaces  may  be  included.  For  the  purposes  of  this  contribution: 


.  V)  - 
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(i)  "•>"  is  calculated  as  in  sub-paragraph  (bXi)  of  this  Regulation  except  that  the  distances  from  the 
aft  terminal  of  Ls  are  taken  to  each  transverse  bulkhead  bounding  either  a  wing  or  an  inboard 
compartment  or  group  thereof. 

(li)  “p”  is  obtained  by  multiplying  the  values  obtained  by  application  of  formulae  (IN’)  through  (Ml  i 
of  Regulation  6(c)  by  (I  -  r). 

(iii)  **s’’  is  calculated  as  in  Regulation  6(d).  In  so  doing,  the  assumed  extent  of  Hooding  of  both  wing 
and  inboard  spaces  shall  be  that  which  would  result  from  an  assumed  longitudinal  extent  of  damage 
coincidental  with  the  longitudinal  limits  used  in  calculating  "a"  and  “p"  and  extending  in  to  the 
ship's  centreline. 

Regulation  8  -  Stability  Information 

(a)  (i)  F.very  passenger  ship  shall  be  inclined  upon  its  completion  and  the  elements  ot  its  stability 

determined 

(ii)  Where  any  alterations  are  made  to  a  ship  so  as  to  materially  affect  the  stability  information  supplied 
to  the  Master,  amended  stability  information  shall  be  provided.  If  necessary  the  ship  shall  be  re- 
inclined. 

(‘•I  The  Mas'er  of  the  ship  shall  be  supplied  with  such  reliable  information  as  is  necessars  to  enable  him  r\ 
rapid  and  simple  means  to  obtain  accurate  guidance  as  to  the  stability  of  the  ship  under  varying  conditions  of 
service  which  inform-5  aon  shall  include: 

(i)  a  curve  of  minimum  operational  metacentric  height  versus  draught  which  assures  compliance  with 
the  requirements  of  Regulations  S,  6  and  7.  as  well  as  a  corresponding  curve  of  the  maximum 
allowable  vertical  centre  of  gravity  versus  draught,  or  with  the  tabu'ir  equivalents  of  these  curves: 

(h)  tables  containing  draught  limits  and  their  corresponding  trim  limits  within  which  the  requirements 
of  Regulations  5,  6  and  7  can  be  met: 

(in)  instructions  concerning  the  operation  of  cross-flooding  arrangements:  and 

(iv)  all  other  data  and  aids  w'hich  might  be  necessary  to  maintain  the  required  stability  after  damage 

U)  There  shall  be  permanently  exhibited,  for  the  guidance  of  the  officer  in  charge  of  the  ship,  plans  showing 
clearly  for  each  deck  and  hold  the  boundaries  of  the  watertight  compartments,  the  openings  therein  with  the 
means  of  closure  and  position  of  any  controls  thereof,  and  the  arrangements  for  the  correction  of  any  list  due 
to  flooding  In  addition,  booklets  containing  the  aforementioned  information  shall  be  made  available  tn  the 
officers  o!  the  ship. 

Id)  .Ml  information  called  for  by  this  Regulation  shall  be  subject  to  approval  by  the  Administration 
Regulation  9  -  Ballasting 

When  ballasting  with  water  is  necessary',  the  water  ballast  should  not  in  general  be  carried  in  tanks  intended 
for  oil  fuel.  In  ships  in  which  it  is  not  practicable  to  avoid  putting  water  in  oil  fuel  tanks,  oily-water  separator 
equipment  to  the  satisfaction  of  the  Administration  shall  be  fitted,  or  other  alternative  means  acceptable  to  the 
Administration  shall  be  provided  for  disposing  of  the  oily-water  bailast. 

Regulation  10  -  Peak  and  Machinery  Space  Bulkheads.  Shaft  Tunnels,  etc. 

(a)  (t)  A  ship  shall  have  a  forepeak  or  collision  bulkhead,  which  shall  be  watertight  up  to  the  relevant 

bulkhead  deck.  This  bulkhead  shall  be  fitted  not  less  than  0.05LS  and  not  more  than  9.8  feet  (or 
3.0  metres)  +  0.05 L4  abalt  the  forward  terminal  of  the  deepest  subdivision  loadhne. 

(ii)  If  a  ship  has  a  long  forward  superstructure  and  the  residual  freeboard  at  the  forward  terminal  of  Ls 
after  flooding  of  the  foremost  compartment  is  less  than  the  summer  freeboard  required  amidships 
according  to  the  International  Convention  on  Load  Lines,  1966  the  collision  bulkhead  shall  be 
exteq,ded  weaihcrtight  to  the  deck  next  above  the  relevant  bulkhead  deck.  The  extension  need  not 
be  fitted  directly  over  the  t  ulkhead  below,  provided  it  is  at  least  0.05 Ls  abaft  the  forward  terminal 
of  the  deepest  subdivision  loadline  and  the  part  of  (he  relevant  bulkhead  deck  which  forms  the  step 
is  made  effectively  weathertight. 

(b)  An  afterpeak  bulkhead  and  bulkheads  dividing  the  machinery  space  from  the  cargo  and  passenger  spaces 
forward  and  aft  shall  also  be  fitted  and  made  watertight  up  to  the  relevant  bulkhead  deck.  The  afterpeak 
bulkhead  may.  however,  be  stepped  below  the  relevant  bulkhead  deck,  provided  the  degree  of  safety  of  the  ship 
as  regards  subdivision  is  not  thereby  diminished. 
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ul  In  all  cases  stern  tubes  shall  be  enclosed  in  watertight  spaces  of  moderate  volume.  The  stern  gland  shall 
be  situated  in  a  watertight  shaft  tunnel  or  other  watertight  space  separate  from  the  stern  tube  compartment 
and  of  such  volume  that,  if  ilooded  by  leakage  through  the  stern  gland,  the  relevant  bulkhead  deck  will  not  be 
submerged. 

Regulation  1 1  -  Double  Bottoms 

(a)  A  double  bottom  shall  be  fitted  extending  from  the  forepeak  bulkhead  to  the  afterpeak  bulkhead  as  far 
as  this  is  practicable  and  compatible  with  the  design  and  proper  working  of  the  ship. 

(0  In  ships  I  r>5  feet  (or  50  metres)  and  under  200  feet  (or  61  metres)  tn  length  a  double  bottom  shall 
he  fitted  at  least  from  the  machinery  space  to  the  forepeak  bulkhead,  or  as  near  thereto  as 
practicable. 

In)  In  ships  200  feel  lot  M  metres)  and  under  249  feet  (or  76  metres)  in  length  a  double  bottom  shall 
he  fated  at  least  outside  the  machinery  space,  and  shall  extend  to  the  fore  and  3fter  peak  bulkheads, 
or  as  near  thereto  as  prac'icjole. 

tin)  In  ships  249  feet  (or  76  metres)  in  length  and  upwards  a  double  bottom  shall  be  fitted  amidships, 
and  ■shall  extend  to  the  fore  and  after  peak  bulkheads,  or  as  near  thereto  as  practicable. 

i  r  i  Where  a  double  bottom  is  required  to  be  fitted  its  depth  shall  be  to  the  satisfaction  of  the  Administration 
and  the  inner  bottom  shall  be  continued  out  to  the  ship's  sides  in  such  a  manner  as  to  protect  the  bottom  to  die 
turn  oi  the  bilge.  Such  protection  will  be  deemed  satisfactory'  tf  the  line  of  intersection  of  the  outer  edge  of  the 
margin  plate  with  the  bilge  plating  is  not  lower  at  any  part  than  a  horizontal  plane  passing  through  the  point  of 
intersection  with  the  frame  line  amidships  of  a  transverse  diagonal  line  inclined  at  2S  degrees  to  the  base  line  and 
cutting  it  at  a  point  0.5Bt  from  the  middle  line. 

(c>  Small  wells  constructed  in  the  double  bottom  in  connection  with  diainage  arrangements  of  holds,  etc., 
shall  not  extend  downwards  more  than  necessary.  The  depth  of  the  well  shall  in  no  case  be  more  than  the  depth 
less  i  8  inches  (or  457  millimetres)  of  the  double  bottom  at  the  centreline,  nor  shall  the  well  extend  below  the 
horizontal  plane  reierred  to  in  paragraph  (b)  of  this  Regulation.  A  well  extending  to  the  outet  bottom  is. 
however,  permitted  at  the  after  end  of  the  shaft  tunnel  of  screw  ships.  Other  wells  (e  g.  for  lubricating  oil  under 
mam  engines)  may  be  permitted  by  the  Administration  if  satisfied  that  the  arrangements  give  protection 
equivalent  to  that  afforded  hv  a  double  botrom  complying  with  this  Regulation. 

id)  A  double  bottom  need  not  be  titled  in  way  of  watertight  compartments  of  moderate  size  used  exclusively 
for  the  carnage  of  liquids,  provided  the  safety  of  the  ship,  in  the  event  of  bottom  or  side  damage,  is  not.  in  the 
opinion  of  the  Administration,  thereby  impaired. 

Regulation  1 2  -  Assigning.  Marking  and  Recording  of  Subdivision  Loadtincs 

la)  In  order  that  the  required  degree  of  subdivision  shall  be  maintained,  a  loadline  corresponding  to  the 
approved  subdivision  draught  'hall  he  assigned  and  marked  on  the  ship’s  sides.  A  ship  having  spaces  which  arc 
specially  adapted  for  the  accommodation  of  passengers  3nd  the  carriage  of  cargo  alternatively  may .  ;i  the  owners 
desire,  have  one  or  more  additional  loadhnes  assigned  and  marked  to  correspond  with  the  subdivision 
which  the  Administration  may  approve  for  the  alternative  service  conditions. 

(b)  The  subdivision  loadhnes  assigned  and  marked  shall  be  recorded  in  the  Passenger  Ship  Safety  Certificate, 
and  shall  be  distinguished  hy  the  notation  C.l  for  the  principal  passenger  condition,  and  C.2.  C.3.  etc.,  for  the 
alternative  conditions. 

<c)  The  freeboard  corresponding  to  each  of  these  loadhnes  shall  be  measured  at  the  same  position  and  from 
the  same  deck  line  as  the  freeboards  determined  in  accordance  with  the  international  Convention  on  Load  Lines. 
1966. 

<d)  The  freeboard  corresponding  to  each  approved  subdivision  loadline  and  the  conditions  of  service  for  which 
it  is  approved,  shall  be  clearly  indicated  on  the  Passenger  Ship  Safety  Certificate. 

(e)  In  no  case  shall  any  subdivision  loadline  mark  be  placed  above  the  deepest  loadline  in  salt  water  as 
determined  by  the  strength  ot  the  shin  and/or  the  International  Convention  on  Load  Lines,  1966. 

(0  Whatever  may  be  the  posinon  of  the  subdivision  loadline  marks,  a  ship  shall  in  no  case  be  loaded  so  as  to 
submerge  the  loadline  mark  appropriate  to  the  season  and  locality  as  determined  in  accordance  with  the  Inter¬ 
national  Convention  on  Load  Lines.  1966. 

ig)  A  ship  shall  in  no  case  be  so  loaded  that  when  she  ts  in  salt  water  the  subdivision  loadline  mark  appropriate 
to  the  particular  voyage  .rd  condition  ol  service  is  submerged. 
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Refutation  13  -  Construction  and  Initial  Testing  nC  Watertight  Bulkheads,  etc. 

(a)  Each  watcriight  subdivision  bulkhead  whether  transverse  or  longitudinal  shall  be  constructed  in  such  a 
manner  that  it  shall  be  capable  of  supporting,  with  a  proper  margin  of  resistance,  the  pressure  due  to  the 
maximum  head  of  water  which  it  might  have  to  sustain  in  the  event  of  damage  to  the  ship,  hut  a’  least  the 
pressure  due  to  a  head  of  water  up  to  the  immersion  limit  line.  The  construction  of  these  bulkhead?  shall  be 
to  the  satisfaction  of  the  Administration. 

(h)  (i)  Steps  and  recesses  in  bulkheads  shall  be  w.,ertight  and  as  strong  as  the  bulkhead  at  the  place  where 

each  occurs. 

(u)  Where  frame?  or  beams  pass  through  a  watertight  deck  or  bulkhead  such  deck  or  bulkhead  shall  be 
made  structurally  watertight  without  the  use  of  wood  or  cement 

(t)  Testing  main  compartments  by  filling  them  with  water  is  not  compulsory.  When  testing  by  filling  with 
wate-  is  not  carried  out.  a  hose  test  is  compulsory':  this  test  shall  be  carried  out  in  the  most  advanced  stage  of 
the  fitting  out  ot  the  ship.  In  any  case,  a  thorough  inspection  of  the  watertight  bulkheads  shall  be  earned  out. 

(')  The  forepeak,  double  bottoms  (including  duct  keels)  and  inner  skins  shall  be  tested  with  water  to  a  head 
corresponding  to  the  requirements  of  paragraph  fa)  of  this  Regulation. 

tei  Tanks  which  are  intended  to  hold  liquids,  and  which  form  part  of  the  subdivision  of  the  ship,  shah  be 
tested  for  tightness  with  water  to  a  head  up  to  the  deepest  subdivision  loadline  or  to  a  head  corresponding  to 
two-thirds  of  the  depth  from  the  top  of  the  keel  to  the  immersion  limit  line  in  way  of  the  tanks,  whichever  :s 
the  greater:  provided  that  in  no  case  shall  the  test  head  be  less  than  3  feet  (or  0.92  metre)  above  the  top  of  the 
tank. 

(0  The  tests  referred  to  in  paragraphs  (d >  and  (e)  of  this  Regulation  are  tor  the  purpose  of  ensunng  that  the 
subdivision  structural  arrangements  are  watertight  and  are  not  to  be  regarded  as  a  test  of  the  fitness  of  any 
compartment  for  the  storage  of  oil  fuel  o:  for  other  special  purposes  for  which  a  test  of  a  superior  character  may 
be  required  depending  or.  the  height  to  which  the  liquid  has  access  in  the  tank  or  its  connections. 

I  Regulation  14  -  Openings  in  Watertight  Bulkheads 

(a)  The  number  of  openings  in  waiertighi  bulkheads  shall  be  reduced  to  the  minimum  compatible  with  the 
design  and  proper  working  of  the  ship:  satisfactory  means  shall  be  provided  for  closing  these  openings. 

(b|  (i)  Where  pipes,  scuppers,  electric  cables,  etc.  are  earned  through  watertight  subdivision  bulkhead?, 

arrangements  shall  be  made  to  ensure  the  integrity  of  the  watertight  ness  of  the  bulkheads. 

(it)  Valves  and  cocks  not  forming  part  of  a  piping  system  shall  not  be  permitted  m  watertight  subdivision 
bulkheads. 

(in)  Lead  or  other  heat  sensitive  materials  shall  not  be  used  in  systems  which  penetrate  watertight 
subdivision  bulkheads,  where  deterioration  of  such  systems  in  the  event  of  fire  would  impair  the 
watertight  integrity  of  the  bulkheads. 

(ci  (i)  No  doors,  manholes,  or  access  openings  are  permitted: 

( 1 )  in  the  collision  bulkhead  below  the  relevant  bulkhead  deck; 

(2)  in  watertight  trarsver  v-  bulkheads  dividing  a  cargo  space  from  an  adjoining  cargo  space, 
except  as  provided  in  paragraph  (k)  of  this  Regulation. 

(ii)  Except  as  provided  in  sutpaiagraph  (iu)  of  this  paragraph,  the  collision  bulkhead  may  be  pierced 
below  the  relevant  bulkhead  deck  by  not  more  than  one  pipe  for  dealing  with  fluid  in  the  forepeak 
tank,  provided  that  the  pip.-  is  fitted  with  a  screwdown  valve  capable  of  being  operated  from  above 
the  immersion  limit  line,  the  valve  chest  being  secured  inside  the  forepeak  to  the  collision  bulkhead. 

(iii)  If  the  forepeak  is  divided  to  hold  two  different  kinds  of  liquids  the  Administration  may  allow  the 
collision  bulkhead  to  be  pierced  below  the  relevant  bulkhead  deck  by  two  pipes,  each  of  which  is 
flttedns  required  by  sub-paragraph  (ii)  of  this  paragraph,  provided  the  Administration  is  satisfied 
that  there  is  no  practical  alternative  to  the  fitting  of  such  a  second  pipe  and  that,  having  regard  to 
the  additional  subdivision  provided  in  the  forepeak,  the  safety  of  the  ship  is  maintained. 

(d)  Within  spaces  containing  the  main  and  auxiliary  propelling  machinery'  including  boilers  serving  the  needs 
of  propulsion  not  more  than  one  door  apart  from  the  doors  to  shaft  tunnels  may  be  fitted  in  each  main  transverse 
bulkhead  Where  two  or  more  shafts  are  fitted  the  tunnels  shall  be  connected  by  an  intercommunicating  passage. 
There  shall  be  only  one  door  between  the  machinery  space  and  the  tunnel  spaces  where  two  shafts  are  fitted  and 
only  two  doors  where  there  are  more  than  two  shafts.  All  these  doors  shall  be  of  the  sliding  type  and  shall  be 
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located  so  as  to  have  tlieii  sills  as  high  as  practicable.  The  hand  gear  for  operating  these  doors  shall  be  situated 
above  the  immersion  limit  line  and  outside  the  spaces  containing  the  machinery  if  this  is  consistent  with  a 
satisfactory  arrangement  of  the  necessity  gearing. 

(e)  (i)  Watertight  doors  shall  be  sliding  u<>ou  or  hinged  doors  or  doors  of  an  equivalent  type.  Plate  doors 

secured  only  by  bolts  and  doo>s  requited  to  be  closed  by  dropping  or  by  the  action  of  a  dropping 
weight  are  not  permitted. 

(ii)  Sliding  doors  may  be  eithei . 

hand  operated  only .  «»t  power  operated  as  well  as  hand  operated. 

(iii)  Authorized  watertight  doois  mav  therefore  be  divided  into  three  Classes: 

Class  l  -  luiiacil 

Class  2  -  hand  opeiateu  sliding  doois; 

Class  3  -  sliding  d.'<u  which  ate  power  operated  as  welt  as  hand  operated. 

(iv)  The  means  of  operation  i  t  any  ».  itertigi.t  door  whether  power  operated  or  not  shall  be  capable  of 
closing  the  door  with  .i:tp  listed  to  1 5  degrees  either  way. 

<vi  In  ail  classes  ot  watertight  d.-ors  indicators  shall  be  fitted  which  show,  at  all  operating  stations  from 
which  the  doors  are  r.  .:  visi.  le.  wnether  the  doors  are  open  or  closed.  If  any  of  the  watertight  doors, 
of  whatever  Ciass.  is  n»  >  ..tud  *>o  as  to  enable  it  to  be  closed  from  a  central  control  station,  it  shall 
be  provided  with  a  mechanical,  electrical,  telephonic,  or  any  other  suitable  direct  means  of  communi¬ 
cation.  enabling  the  otticer  of  the  watch  promptly  to  contact  the  person  who  is  responsible  lor 
closing  the  door  in  question,  under  previous  orders. 

( f)  Hinged  doors  (Class  ! )  shall  he  lined  with  quick  action  chasing  devices,  such  as  catches,  workable  from 
each  side  of  the  bulkhead. 

igl  Hand  operated  sliding  doors  <<  i.<«  .'.i  may  have  a  hoiizontal  or  vertical  motion.  It  shall  be  possible  to 
operate  the  mechanism  at  the  aoor  itself  troni  either  side,  and  in  addition,  from  an  accessible  position  above  the 
immersion  limit  line,  with  an  ail  roar. I  crank  motion,  or  some  other  movement  providing  the  same  guarantee  of 
safety  and  of  an  approved  type.  Ixpai  tires  from  the  requirement  of  operation  on  both  sides  may  be  allowed,  if 
;his  requirement  is  impossible  ..wine  n  tl.e  savout  Oi  the  spaces.  When  operating  a  hand  gear,  the  time  necessary 
ioi  the  complete  closure  of  the  doc  i  with  ’tie  slop  upright  shall  not  exceed  90  seconds. 

•  hi  til  Power  operated  sliding  dou;.  (Class  31  may  have  a  vertical  or  horizontal  motion.  If  a  door  is  required 
i<>  he  power  operated  from  .i  central  control,  the  gearing  shall  be  so  arranged  that  the  door  .  an  be 
operated  by  power  also  ai  the  .loot  itsell  from  both  sides.  The  arrangement  shall  be  such  that  the 
door  will  close  automatically  it  opened  by  local  control  after  being  closed  from  the  central  control, 
and  also  such  that  any  door  can  be  kept  closed  by  local  systems  which  will  prevent  the  door  from 
being  opened  trom  the  upper  control.  I  ocal  control  handles  in  connection  with  the  power  gear  dull 
be  provided  each  side  of  ihe  bulkhead  and  shall  be  so  arranged  as  to  enable  persons  passing  through 
the  doorway  to  hold  both  handles  in  the  open  position  without  being  able  to  set  the  closing 
mechanism  in  operate  accidentally  Power  operated  sliding  doors  shall  be  provided  w  ith  hand  gcai 
workable  at  the  door  it  wit  on  either  side  and  trom  an  accessible  position  above  the  immersion  Worn 
line,  with  an  all  round  ci.nk  mmion  or  some  other  movement  providing  the  same  guarantee  of 
safety  and  of  an  approved  ’>  pc  Provision  shall  be  made  to  give  warnings  by  sound  signal  that  the 
doot  has  begun  to  close  and  will  continue  to  move  until  it  is  completely  closed.  The  door  shall  take 
a  sufficient  time  to  close  to  ensure  safety. 

( ul  There  shall  he  at  least  tw  o  independent  power  sources  capable  of  opening  and  closing  all  the  doors 
under  control,  each  of  them  capable  of  operating  all  the  doors  simultaneously.  The  two  power 
sources  shall  be  controlled  tiom  the  central  station  on  the  bridge  provided  with  all  the  necessary 
indicators  for  checking  that  each  of  the  two  powes  sources  is  capable  of  giving  the  tequirea  service 
satisfactorily. 

(iii)  In  the  case  of  hydi aulic  operation,  each  power  source  shall  consist  of  a  pump  capable  of  closing  all 
doors  in  not  more  than  oG  seconds  In  addition,  there  shall  be  for  the  whole  installation  hydraulic 
accumulators  of  sufficient  capacity  to  operate  all  the  doors  at  least  three  times,  i.e.  dosed-open- 
dosed.  The  fluid  used  shall  be  one  which  does  not  freeze  at  any  of  the  temperatures  liable  to  be 
encountered  by  the  ship  during  its  service. 

1 1 1  (t)  Hinged  watertight  door?  ( (  lass  1 1  in  passenger,  crew  and  working  spaces  are  only  permitted  above 

a  deck  the  underside  of  which,  at  its  lowest  point  at  side,  is  at  least  7  feet  (or  2.13  metres)  above 
the  deepest  subdivision  loadline. 
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(ii)  Watertight  doors,  the  sills  of  which  are  above  the  deepest  subdivision  loadline  and  below  the  line 
specified  in  sub-paragraph  (it  of  this  paragraph  shall  be  sliding  doots  and  max  be  hand  operated 
(Class  2).  except  in  ship*  where  N  is  1200  or  more  in  which  all  such  Joors  shall  he  powe-  opermed 
When  trunk* cys  in  connection  with  retrigeraied  cargo  and  ventilation  or  forced  diaught  du«.t»  are 
carried  through  more  than  one  main  watertight  subdivision  bulkhead,  ine  doors  at  such  openings 
shall  be  operated  by  po,:--er 

0*  Watertight  doors  which  may  sometimes  be  opened  at  sea,  and  the  sills  of  which  are  below  the  deepest 
subdivision  loadluie.  shall  be  sliding  doors.  The  following  rules  shall  apply: 

(Id  xvhen  the  number  of  such  doors  (excluding  doorsat  entrances  t..  shaft  tunnel:  t  exceeds  foe 
ah  of  these  doors  and  those  at  the  entrance  to  shaft  tunrv.h  or  ventilation  or  loved  draught 
ducts,  shall  be  power  operated  (Class  3d  and  shall  be  capable  of  being  simultaneously  Ui  >e  j 
ftom  a  central  stauor.  situated  or  the  bridge: 

t2)  when  the  number  of  such  doors  ( excluding  doors  at  entrances  to  shaft  tunnelsi  is  greater  that: 
one.  but  doe.;  not  exceed  five, 

(ci  where  the  ship  has  no  passenger  spaces  below  the  immersion  limit  line,  ali  the  above- 
mentioned  doors  may  be  hand  operated  (Class  2): 

(hi  where  the  ship  has  passenger  spaces  below  the  immersion  limit  line  all  the  above- 
mentioned  doors  shall  be  power  operated  (Class  3)  and  shall  be  capable  of  being 
simultaneously  closed  from  a  central  station  situated  on  the  bridge. 

(31  in  any  ship  where  there  are  only  two  such  watertight  doors  and  they  are  into  or  within  the 
space  containing  machinery,  the  Administration  mav  allow  these  two  doors  to  be  hand 
operated  only  (Class  2 1 

(k|  (id  1:  the  Administration  is  satisfied  that  such  doors  are  essentia!  watertight  doors  of  satisfactory 

const rucir-ui  may  he  fiMed  in  watertight  bulkheads  dividing  carp.,  between  deck  spaces.  Such  doors 
may  be  hinged,  rolling  or  sliding  doors  hut  shall  not  be  remotely  controlled.  They  shall  be  fitted  at 
the  highest  level  and  as  far  from  the  shell  plating  as  practicable,  hut  in  no  case  shall  the  outf-oatd 
vertical  edges  be  situated  at  a  distance  from  the  shell  plating  which  is  less  than  0.2B, .  such  distance 
being  measured  at  right  angles  to  the  centreline  of  the  ship  at  the  level  of  the  deepest  subdivision 
loadline. 

(ii)  Such  doors  shall  be  closed  before  the  voyage  commences  and  shall  be  kept  closed  during  navigation, 
and  the  time  of  opening  such  doois  in  port  and  of  closing  them  before  the  ship  leaves  pert  shall  be 
entered  in  the  log  book.  Should  any  of  the  doors  be  accessible  during  the  voyage,  they  shall  be  fitted 
with  a  devn  c  whuh  prevents  unauthorized  opening  When  it  is  proposed  to  fit  such  doors,  the 
number  and  arrangements  shall  receive  the  special  consideration  of  the  Administration 

(l)  Portable  plates  on  bulkhead  shall  not  be  permitted  except  in  machinery  spaces.  Such  plates  shall  always 
be  in  place  before  the  ship  leaves  port,  and  shall  not  be  removed  during  navigation  except  in  case  of  urgent 
necessity.  The  necessary  precautions  si-..;!*  be  taken  in  replacing  them  to  ensure  that  the  joins  shall  be  watertight 

(m)  All  watertight  doors  shall  be  kept  closed  during  navigation  except  when  necessarily  opened  for  tin  working 
of  the  ship,  and  shall  always  be  ready  to  be  immediately  closed. 

(ri)  (i)  Where  trunkways  or  tunnels  for  piping,  or  for  any  other  purpose  are  carried  through  main  transverse 
watertight  bulkheads,  they  shall  be  watertight  and  in  accordance  with  the  requirements  of 
Regulation  17.  The  access  to  at  least  one  end  of  each  such  tunnel  or  trunkway,  if  used  as  a  passage 
at  sea.  shall  be  through  a  trunk  extending  watertight  to  a  height  sufficient  to  permit  access  ab  ive 
the  relevant  bulkhead  deck.  The  access  to  the  other  end  of  the  trunkway  or  tunnel  may  be  through 
a  watertight  door  of  the  type  required  by  its  location  in  the  ship  Such  trunkways  or  tunnels  shall 
not  extend  through  the  first  subdivision  bulkhead  abaft  the  collision  bulkhead. 

(ii)  Where  it  is  proposed  to  fit  tunnels  or  trunkways  for  forced  draught,  piercing  main  transverse  water¬ 
tight  bulkheads,  these  shall  receive  the  special  consideration  of  the  Administration. 

Regulation  IS.-  Openings  in  the  Shell  Plating  below  the  Immersion  Limit  Line 

(a)  The  number  of  openings  in  the  shell  plating  shall  be  reduced  to  the  minimum  compatible  with  the  design 
and  proper  working  of  the  ship. 

(b)  The  arrangement  and  efficiency  of  the  means  for  closing  any  opening  in  the  shell  plating  shall  be  consistent 
with  its  intended  purpose  and  the  position  in  which  it  is  fitted  and  generally  to  the  satisfaction  of  the  Administra¬ 
tion. 
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(c)  (i)  If  in  a  between  deck  the  sills  of  any  sidescuttles  are  below  a  line  drawn  parallel  to  the  immersion 

limit  line  at  side  and  having  its  lowest  point  0.025  Bt  above  the  deepest  subdivision  loadline,  all 
sidescuttles  in  that  between  deck  shall  be  of  the  non-opening  type. 

(ii)  All  sidescuttles,  the  sills  of  which  are  below  the  immersion  limit  line,  other  than  those  required  to 
be  of  a  non-opening  type  by  sub-paragraph  (i)  of  this  paragraph,  »hail  be  of  such  construction  as  will 
effectively  prevent  any  person  opening  them  without  the  consent  of  the  Master  of  the  ship 

(in)  (1)  Where  in  a  between  deck  the  sills  of  any  of  the  sidescuttles  referred  to  m  sub-paragraph  (ii)  of 
this  paragraph  are  below  a  line  drawn  parallel  to  the  immersion  limit  line,  and  having  its  lowect 
point  44  feet  (or  1.37  metres)  +  0.025Bt  above  the  water  when  the  ship  departs  from  any 
port,  all  the  sidescuttles  in  that  between  deck  shall  be  closed  watertight  and  locked  before  the 
ship  leaves  port,  and  they  shall  not  be  opened  before  the  ship  arrives  at  the  next  port.  In  the 
application  of  this  sub-paragraph  the  appropriate  allowance  for  fresh  water  may  be  made  when 
applicable. 

(2)  The  time  of  opening  such  sidescuttles  in  port  and  of  closing  and  locking  them  betide  the  "hip 
leaves  port  shall  be  entered  in  such  log  book  as  may  be  prescribed  by  the  Adminuiution. 

(d)  Efficient  hinged  inside  deadlights  arranged  so  that  they  can  be  easily  and  effectively  closed  and  secured 
watertight  shall  be  fitted  to  all  sidescuttles  except  that  abaft  0.125L,  from  the  forward  terminal  of  Ls  and  above 
a  line  drawn  parallel  to  the  immersion  limit  line  and  having  its  lowest  point  at  a  height  of  1 2  feet 

toi  3.66  metres)  ♦  0.025B|  above  the  deepest  subdivision  loadline  the  deadlights  may  be  portable  in  passenger 
accommodation  other  than  that  for  steerage  passengers,  unless  the  deadlights  are  required  by  the  Inernati.m.il 
Convention  on  Load  Lines.  1966  to  be  permanently  attached  in  their  proper  positions.  Such  portable  deadlights 
shall  be  stowed  adjacent  to  the  sidescuttles  they  serve. 

(e)  Sidescuttles  and  their  deadlights,  which  will  not  be  accessible  during  navigation,  shall  be  closed  and  secured 
before  the  ship  leaves  port. 

<  f)  (i)  No  sidescuttles  shall  be  fitted  in  any  spaces  w  hich  are  appropriated  exclusively  to  the  car-iagc  of 
cargo. 

(ii)  Sidescuttles  may.  however,  be  fitted  in  spaces  appropriated  alternatively  to  the  carnage  ot  cargo  or 
passengers,  but  they  shall  be  of  such  construction  as  will  effectively  prevent  any  person  opening 
them  or  their  deadlights  without  the  consent  of  the  Master  of  the  ship. 

(tii)  If  cargo  is  carried  in  such  spaces,  the  sidescuttles  and  their  deadlights  shall  be  closed  watertight  and 
locked  before  the  cargo  is  shipped  and  such  closing  and  locking  shall  be  recorded  in  such  log  hook 
as  may  be  prescribed  by  the  Administration. 

(g)  Automatic  ventilating  sidescuttles  shall  not  be  fitted  in  the  shell  plating  below  the  immersion  limit  line 
without  the  special  sanction  of  the  Administration. 

(h)  The  number  of  scuppers,  sanitary  discharges  and  other  similar  openings  in  the  shell  plating  shall  be  reduced 
to  the  minimum  either  by  making  ea>.h  discharge  serve  for  as  many  as  possible  of  the  sanitary  jnd  other  pipes,  or 
in  any  other  satisfactory  manner. 

(i)  (i)  All  inlets  and  discharges  in  the  shell  plating  shall  be  fitted  with  efficient  and  accessible  arrangements 

for  preventing  the  accidental  admission  of  water  into  the  ship  Lead  or  other  heat  sensitive  materials 
shall  not  be  used  for  pipes  fitted  outboard  of  shell  valves  in  inlets  or  discharges,  or  any  other 
application  where  the  deterioration  of  such  pipes  in  the  event  of  fire  would  give  rise  to  danger  of 
flooding. 

(ii)  (1)  Except  as  provided  in  sub-paragraph  (iii)  of  this  paragraph,  each  separate  discharge  led  through 

the  shell  plating  from  spaces  below  the  immersion  limit  line  shall  be  provided  either  with  one 
automatic  non-return  valve  fitted  with  a  positive  means  of  closing  it  from  above  the  immersion 
limit  line  or,  alternatively,  with  two  automatic  non-return  valves  without  such  means,  the  upper 
of  which  is  so  situated  above  the  deepest  subdivision  loadline  as  to  be  always  accessible  for 
examination  under  service  conditions,  and  is  of  a  type  which  is  normally  closed.* 

(2)  Where  a  valve  with  positive  means  of  closing  is  fitted,  the  operating  position  above  the 
immersion  limit  line  shall  always  be  readily  accessible,  and  means  shall  be  provided  for 
indicating  whether  the  valve  is  open  or  closed. 

(iii)  Main  and  auxiliary  sea  inlets  and  discharges  in  connection  with  machinery  shall  be  fitted  with  readily 
accessible  cocks  or  valves  between  the  pipes  and  shell  plating  or  between  the  pipes  and  fabricated 
boxes  attached  to  the  shell  plating. 
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(ji  (i)  Gangway,  cargo  and  bunkering  station  ports  fitted  below  the  immersion  limit  line  shall  be  of 

sufficient  strength.  They  shall  be  effectively  closed  and  secured  watertight  before  th*  ship  leaves 
port,  and  shall  be  kept  closed  during  navigation. 

(ii)  Such  ports  shall  be  in  no  case  fitted  so  as  to  have  their  lowest  point  below  the  deepest  suhdtv  i>ion 
ioadline. 

(k)  (i)  The  inboard  opening  of  each  rubbish-shoot,  etc.,  shall  be  fined  with  an  efficient  cover. 

(ii)  If  fhe  inboard  opening  is  situated  below  the  immersion  limit  line  the  cover  shall  be  watertight,  and 
in  addition  an  automatic  non-return  valve  shall  be  fitted  in  the  shoot  in  an  easily  accessible  positt- >ti 
above  the  deepest  subdivision  loadline.  When  the  shoot  is  not  in  use  both  the  cover  and  the  valve 
shall  be  kept  closed  and  secured. 

Regulation  16  -  Construction  and  Initial  Tests  of  Watertight  Doors.  Sidescuttles.  etc. 

(a)  (i)  The  design,  materials  and  construction  of  all  watertight  doors,  sidescuttles,  gangway,  cargo  and 

other  ports,  valves,  pipes,  and  rubbish-shoots  referred  to  in  these  Regulations  shall  be  to  the  satisfac¬ 
tion  of  the  Administration. 

fiil  The  frames  ol  vertical  watertight  doors  shall  have  no  groove  at  the  bottom  in  which  dirt  might  lodge 
and  prevent  the  do->i  closing  properly. 

(iii)  All  cocks  and  valves  for  sea  inlets  and  discharges  below  the  immersion  limit  line  and  all  fittings 

,  outboard  of  such  cocks  and  valves  shall  be  made  of  steel,  bronze  or  other  approved  ductile  material 
Ordinary  cast  iron  or  similar  materials  shall  not  be  used. 

(b)  Each  watertight  door  shall  be  tested  by  water  pressure  to  a  head  up  to  the  immersion  limit  line.  The  test 
shall  be  made  before  the  ship  is  put  in  service,  either  before  or  after  the  door  is  fitted. 

Regulation  17  -  Construction  and  Initial  Tests  of  Watertight  Decks,  Trunks,  etc. 

(a)  Watertight  decks,  trunks,  tunnels,  duct  keels  and  ventilators  shall  be  of  the  same  strength  as  watertight 
bulkheads  at  corresponding  levels  The  means  used  for  making  them  watertight,  and  the  arrangements  adopted 
for  closing  openings  in  them,  shall  be  to  the  satisfaction  of  the  Administration.  Watertight  ventilators  and  trunks 
shall  be  carried  at  least  up  to  the  immersion  limit  line. 

tb)  After  completion,  a  hose  or  flooding  test  shall  be  applied  to  watertight  decks  and  a  hose  test  to  watertight 
trunks,  tunnels  and  ventilators. 

Regulation  18  -  Watertight  Integrity  above  the  relevant  Bulkhead  Deck 

fa)  Th?  Administration  mav  require  that  all  reasonable  and  practicable  measures  shall  be  taken  to  limit  the 
er.trv  a;.J  spieaJ  o:'  waie:  above  the  relevant  bulkhead  deck.  Such  measures  mav  incluJ;  pjtttal  bulkheads  or 

webs.  When  partial  watertight  bulkheads  and  webs  are  fitted  on  the  relevant  bulkhead  deck,  above  or  ir.  the 
immediate  vicinity  of  main  subdivision  bulkheads,  they  shall  have  watertight  shell  and  relevjnt  bulkhead  deck 
connections  so  as  to  restrict  the  flow  of  water  along  the  deck  when  the  ship  is  in  a  heeled  damaged  condition. 
Where  the  partial  watertight  bulkhead  does  not  line  up  with  the  bulkhead  below,  the  relevant  bulkhead  deck 
between  shall  be  made  effectively  watertight. 

(hi  The  deck  at  the  immersion  limil  line  or  a  deck  above  it  shall  be  weathertight  in  the  sense  that  in  ordinary 
sea  conditions  water  will  not  penetrate  in  a  downward  direction.  All  openings  in  the  exposed  weather  deck  shall 
have  coamings  of  ample  height  and  strength  and  shall  be  provided  with  efficient  means  for  expeditiously  closing 
them  weathertight.  Freeing  pons,  open  rails  and/or  scuppers  shall  be  fitted  as  necessary  for  rapidly  deanng  the 
weather  deck  of  water  under  ail  weather  conditions. 

(c)  Sidescuttles,  gangway,  cargo  and  other  ports  and  other  means  for  closing  openings  in  the  shell  plating  above 
the  immersion  limit  line  shall  be  of  efficient  design  and  construction  and  of  sufficient  strength  having  regard  to 
the  spaces  in  which  they  are  fitted  and  their  positions  relative  to  the  deepest  subdivision  loadline. 

(d)  Efficient  inside  deadlights,  arranged  so  that  they  can  oe  easily  and  effectively  closed  and  secured  watertight, 
shall  be  provided  for  all  sidescuttles  to  spaces  below  the  first  deck  above  the  immersion  limit  line. 

Regulation  19  -  Bilge  Pumping  Arrangements 

<al  Ships  shall  be  provided  with  an  efficient  bilge  pumping  plant  capable  of  pumping  from  and  draining  any 
watertight  compartment  which  is  neither  a  permanent  oil  compartment  nor  a  permanent  water  compartment 
under  all  practicable  conditions  after  a  casualty  whether  the  ship  is  upright  or  listed.  For  this  purpose  wing 
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will  generally  be  necessary  except  in  narrow  compartments  at  the  ends  of  the  ship,  where  one  auc'ion 
way  be  sufficient.  In  compartments  of  unusual  form,  additional  suctions  may  be  required.  Arrangements  shall 
*'-•  made  whereby  water  in  the  compartment  may  find  its  way  to  the  suction  pipes.  Where  in  relation  to 
particular  compartments  the  Administration  is  satisfied  that  the  provision  of  drainage  may  be  undesirable,  it 
-lay  allow  such  provision  to  be  dispensed  with  if  calculations  made  in  accordance  with  the  conditions  laid  dnw  r. 

.  Regulation  S  and  assumed  for  the  purposes  of  Regulations  6  and  7  show  that  the  safety  of  the  ship  will  not 
be  impaired.  Efficient  means  shall  be  provided  for  draining  water  from  insulated  holds. 

ib)  (i)  Ships  sha^i  have  at  least  three  power  pumps  connected  to  the  bilge  main,  one  of  which  may  be 

attached  to  the  propelling  unit.  Where  R  is  more  than  0.50,  one  additional  independent  power  pump 
shall  be  provided. 

( til  The  requirements  are  summarized  in  the  following  table: 


Required  Subdivision 

Less  than 

and  over 

Index  R 

0.50 

0.50 

Main  engine  pump  (may  be  replaced 
by  one  independent  pump)  . 

.  1 

1 

Independent  pumps  . 

2 

3 

( in)  Sanitary,  ballast  and  general  service  pumps  may  be  accepted  as  independent  power  bilge  pumps  if 
tlned  with  the  necessary  connections  to  the  bilge  pumping  system. 

( >. )  Where  practicable,  the  power  bilge  pumps  shall  be  placed  in  separate  watertight  compartment*  so  arranged 
:  diluted  ihai  these  compartments  will  not  readily  be  flooded  by  the  same  damage.  If  the  engines  ar.d  boilers 
are  in  two  or  more  watertight  compartments,  the  pumps  available  for  bilge  service  shall  be  distributed  throughout 
these  compartments  as  far  as  is  possible. 

i  I )  On  sliips  330  feet  (or  100  metres)  or  more  in  length  »r  having  R  more  than  0.50,  the  arrangement*  *iuli  be 
...  ii  i hat  at  lca»t  one  power  pump  shall  be  available  for  use  in  all  ordinary  circumstances  in  which  a  ship  may 
be  flooded  at  sea.  This  requirement  will  be  satisfied  if: 

i  •)  me  of  the  required  pumps  is  an  emergency  pump  of  a  reliable  submersible  type  having  a  source  of 
power  situated  above  the  relevant  bulkhead  deck;  or 

i  ii)  Hie  pumps  and  their  sources  of  power  are  so  disposed  throughout  the  length  of  the  ship  that  under 
any  condition  of  flooding  which  the  ship  is  required  to  withstand,  at  least  one  pump  in  an 
undamaged  compartment  will  be  available. 

i . )  With  the  exception  of  additional  pump-,  which  may  be  provided  for  peak  compartments  only,  each 
required  bilge  pump  shall  be  arranged  to  draw  water  from  any  space  required  to  be  drained  by  paragraph  (a)  ot 
i  ius  Regulation. 

1 0  Each  p-iwer  bilge  pump  shall  be  capable  of  giving  a  speed  of  water  through  the  required  mam  bilge  pipe 
i  .  rut  less  than  400  feet  (or  122  metres)  per  minute,  independent  power  bilge  pumps  situated  in  machinery 
spaces  shall  have  direct  suctions  from  these  spaces,  except  that  not  more  than  two  such  suctions  shall  be 
r...  liu-d  in  an>  one  space.  Where  two  or  more  such  suctions  are  provided  there  shall  be  at  least  one  on  the  port 
side  aitJ  one  on  the  starboard  side.  The  Administration  may  require  independent  power  bilge  pumps  situated 
.ither  spaces  to  have  separate  direct  suctions.  Direct  suctions  shall  be  suitably  arranged  and  those  in  a 
m  achinery  space  shall  be  of  a  diameter  not  less  than  that  required  for  the  bilge  main. 

■, .)  (i)  In  addition  to  the  direct  bilge  suction  or  suctions  required  by  paragraph  (0  of  this  Regulation  there 

shall  be  in  the  machinery  space  a  direct  suction  from  the  main  circulating  pump  leading  to  the 
drainage  level  of  the  machinery  space  and  fitted  with  a  non-return  valve,  Tne  diameter  of  this  direct 
suction  pipe  shall  be  at  least  two-thirds  of  the  diameter  of  the  pump  inlet  in  the  case  of  steamships, 
and  of  the  same  diameter  as  the  pump  inlet  in  the  case  of  motorshipa. 

(ii)  Where  in  (he  opinion  of  the  Administration  the  main  circulating  pump  is  not  suitable  for  this 

purpose,  a  direct  emergency  bilge  suction  shall  be  led  from  the  largest  available  independent  power 
driven  pump  to  the  drainage  level  of  the  machinery  space;  the  suction  shill  be  of  the  same  diameter 
as  the  main  inlet  of  the  pump  used.  The  capacity  of  the  pump  so  connected  shall  exceed  ihai  of  i 
requued  bilge  pump  by  an  amount  satisfactory  to  the  Administration. 
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(iii)  The  spindle*-  of  the  sea  inlet  and  direct  suction  valves  shall  extend  well  above  the  engine  room 
platform. 

(h )  (i)  All  pipes  from  the  pumps  which  are  required  for  draining  cargo  or  machinery  spaces  shall  be 

entirely  distinct  from  pipes  which  may  be  used  for  filling  or  emptying  spaces  where  watei  or  oil  ts 
carried. 

(ii)  All  bilge  pipes  used  in  or  under  fuel  storage  tanks  or  in  boiler  or  machinery  spaces,  including  spaces 
in  vvhich  oil-settling  tanks  or  oil  fuel  pumping  units  are  situated,  shall  be  of  steel  or  other  approved 
material. 


(i)  The  diameter  of  the  bilge  main  shall  be  calculated  according  to  the  following  formulae  provided  that  she 
actual  internal  diameter  of  the  bilge  main  may  be  of  the  nearest  standard  size  acceptable  to  the  Administration 


d  (in  inches)  1 


L5(B,  *D,) 
2.500 


or 

d  (in  millimetres)  *  1.68  y/Li(Bl  *  DJ  ♦  25 


where  d  *  interna)  diameter  of  the  bilge  main  (in  inches  or  in  millimetres  respectively  ) 

Ls  and  B,  in  feet  or  metres  respectively 

Ds  *  moulded  depth  of  ship  to  immersion  limit  line  at  midlength 
(in  feet  or  metres  respectively). 

The  diameier  of  the  bilge  branch  pipes  shall  be  determined  by  rules  to  be  made  by  the  Administration. 

(j)  The  arrangement  of  the  bilge  and  ballast  pumping  system  shall  be  such  as  to  prevent  the  possibility  ot 
water  passing  from  the  sea  and  from  water  ballast  spaces  into  the  cargo  and  machinery  spaces,  or  from  one 
compartment  to  another.  Special  piovision  shall  be  made  to  prevent  any  deep  tank  having  bilge  and  ballast 
connections  being  inadvertently  run  up  from  the  sea  when  containing  cargo,  or  pumped  out  through  a  bilge  pipe 
when  containing  water  ballast. 

(k)  Provision  shall  be  made  to  prevent  the  compartment  served  by  any  bilge  suction  pipe  being  flooded  in  the 
event  of  the  pipe  being  severed,  or  otherwise  damaged  by  collision  or  grounding  in  any  other  compartment  For 
this  purpose,  where  the  pipe  is  at  any  part  situated  nearer  the  side  of  the  ship  than  0.2B,  (measured  at  right 
angles  to  the  centreline  at  the  level  of  the  deepest  subdivision  loadline),  or  in  a  duct  keel,  a  non-return  valve 
shall  be  fitted  to  the  pipe  in  the  compartment  containing  the  open  end. 

(l)  All  the  distribution  boxes,  cocks  and  valves  in  connection  with  the  bilge  pumping  arrangements  shall  be  in 
positions  which  are  accessible  at  all  times  under  ordinary  circumstances  They  shall  be  so  arranged  that  in  the 
event  o'  flooding,  one  of  the  bilge  pumps  may  he  operative  on  any  compartment,  in  addition,  damage  u>  a  pan;;- 
or  us  pipe  connecting  to  the  bilge  main  outboard  of  a  line  drawn  at  0. 2B  k ,  shall  not  put  the  bilge  system  out  ot 
action.  If  there  is  only  one  system  of  pipes  common  to  all  the  pumps,  the  necessary  cocks  or  valves  for  controlling 
the  bilge  suctions  must  be  capable  of  being  operated  from  above  th?  immersion  limit  line.  Where  in  addition  to 
the  main  bilge  pumping  system  an  emergency  bilge  pumping  system  ts  provided,  it  shall  be  independent  of  the 
main  system  and  so  arranged  that  a  pump  is  capable  of  operating  on  any  compartment  under  flooding  conditions, 
in  that  case  only  the  cocks  and  valves  necessary  for  the  operation  of  the  emergency  system  need  be  capable  of 
being  operated  from  above  the  immersion  limit  line. 

(m)  All  cocks  and  valves  mentioned  in  paragraph  ( 1 )  of  this  Regulation  which  can  be  operated  from  above  the 
immersion  limit  line  shall  have  their  controls  at  their  place  of  operation  clearly  marked  and  provided  with  means 
to  indicate  whether  they  are  open  or  closed 


Regulation  20  -  Marking,  Periodical  Operation  and  Inspection  of  Watertight  Doors,  etc. 

(a)  Drills  for, the  operating  of  watertight  doors,  tidescuttles,  valves  and  doting  mechanisms  of  scuppers,  and 
nibbish-shoott'shall  take  place  weekly.  In  ships  in  which  the  voyage  exceeds  one  week  in  duration  a  complete 
drill  shall  be  held  before  leaving  port,  and  others  thereafter  at  least  once  a  week  dunng  the  voyage.  In  all  ships 
all  watertight  power  doors  and  hinged  doors,  in  main  transverse  bulkheads,  in  use  at  sea,  shall  be  operated 
daily. 

(b)  (i)  The  watertight  doors  and  all  mechanisms  and  indicators  connected  therewith,  all  valves  the  closing 

of  which  u  necessary  to  make  a  compartment  watertight,  and  all  valves  the  operation  of  which  is 
necessary  for  damage  control  cross  connections,  shall  be  periodically  inspected  at  sea  at  least  once 
a  week. 
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(ii)  Such  '■alvei,  doors  and  mechanisms  shall  be  suitably  marked  to  ensure  that  they  may  be  properly 
used  to  provide  maximum  safety. 

R  epilation  21  -  Entries  in  Log 

la)  Hinged  doors,  portable  plates,  sidescuttles,  gangway,  cargo  and  other  ports  and  other  openings,  which 
.  re  required  by  these  Regulations  to  be  kept  closed  during  navigation,  shall  be  closed  before  the  ship  leaves 
port  The  time  of  closing  and  the  time  of  opening  (if  permissible  under  these  Regulations)  shall  be  recorded  in 
such  l.ig  book  as  may  be  prescribed  by  the  Administration. 

(b)  A  record  of  all  drills  and  inspections  required  by  Regulation  20  shall  be  entered  in  the  log  book  with  an 
explicit  record  of  any  defects  which  may  be  disclosed. 
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REGULATIONS  ON  SUBDIVISION  AND  DAMAGE  STABILITY  CP 
PASSENGER  SHIPS  AS  EQUIVALENT  TO  PART  B  OP  CHAPTER  II 
OP  TEE  INTERNATIONAL  CONVENTION  FOR  TEE  SAFETY 
OF  LIFE  AT  SEA,  i960  (Resolution  A.265(VIII)) 

Explanatory  notes  to  the  Regulation 

The  Assembly  at  its  eighth  session  when  adopting  the  Regulations  on 
Subdivision  and  Stability  of  Passenger  Ships  as  an  equivalent  to  Part  B  of 
Chapter  II  of  the  International  Convention  for  the  Safety  of  Life  at  Sea,  I960 
(Resolution  A.265(VIIl)),  considered  explanatory  notes  to  these  Regulations, 
which  were  prepared  by  the  Sub-Committee  on  Subdivision  and  Stability. 

The  Assembly  agreed  that  this  supporting  document  was  of  great  value  in 
ensuring  the  uniform  application  of  the  Regulations  and  recommended  its 
circulation  to  Member  Governments  and  Contracting  Governments  to  the  I960  Safety 
Convention  for  information. 

The  text  of  the  explanatory  notes  (Annex  U  of  STAB  XV/Ll)  is  attached 
hero to. 


MSC/Circ .153 
28  November  1973 

STAB  AV/ll 

ANNEA  II 

EXPLANATORY  NOTES  TO  THE  REGULATIONS  ON  SUBDIVISION  iID 
DAMAGE  STABILITY  OF  PASSENGER  SHIPS  AS  EQUIVALENT  TO 
PAST  3  OF  CHAPTER  II  OF  THE  INTERNATIONAL  CONVENTION 
FOR  THE  SAFETY  OF  LIFE  AT  SEA,  I960 

The  following  notes  are  applicable  to  new  Regulations  1-21  which,  in 
accordance  with  Resolution  A.265(VIIl),  nay  be  taken  as  equivalent  to  and  a 
total  alternative  to  the  corresponding  provisions  of  Part  B  of  Chapter  II  of 
the  International  Convention  for  the  Safety  of  Life  at  Sea,  i960. 

The  new  Regulations  have  been  prepared  in  response  to  Recommendation  6  of 
the  above  Convention. 

These  notes  consist  of  the  following  four  parts: 

I.  General  Principles; 

II«  Guidance  Notes  for  Application  of  Regulations; 

III.  Guidance  for  Assembling  Input  Data  and  Structuring  Output  Data; 

IV.  Basie  for  the  Calculation  of  Subdivision  Index  A. 

Part  I  contains  a  brief  history  of  the  development  of  the  new  Regulations 
together  with  en  explanation  concerning  the  need  for  the  revision  of  the 
present  requirements.  Additionally,  explanation  is  given  in  respect  of  the 
basic  philosophy  os  well  as  the  general  principles  and  practical  advantages 
of  the  new  requirements. 

Ports  II  and  III  are  intended  for  users  of  the  new  Regulations. 

Part  II  gives  detailed  explanation  on  each  regulation  and  Part  III  describes 
a  recommended  form  for  input  output  data. 

Part  XV  provides  information  for  those  who  wish  to  study  the 
theoretical* basis  for  the  new  Regulations.  In  this  part  a  summary  of 
statistics  upon  which  these  Regulations  are  based  is  also  given. 
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PAST  I  -  GENERAL  PRINCIPLES 

In  thlc  port  of  the  explanatory  note  a  general  outline  of  the  new 
Subdivision  Regulations  is  given  together  with  a  brief  history  of  their 
development .  More  detailed  information  is  presented  in  subsequent  parts. 

The  regulations  dealing  with  the  subdivision  of  passenger  ships  in  the 
i960  Safety  Convention  wero  derived  from  studlec  carried  out  prior  to  and 
after  the  first  International  Safety  Conference  of  1913-1914 •  These  studies 
took  place  mainly  during  the  period  1912-1924  end  were  influenced  by  then 
existing  ships.  The  i960  Safety  Convention  regulations  therefore,  in  the 
main,  do  not  take  into  account  evolution  in  ship  design  and  advances  in 
knowledge  over  about  the  pact  50  years. 

Ship  design  has  changed  considerably  since  then  and  with  the  passage  of 
time  the  present  method  has  become  less  meaningful  os  regards  safety. 
Additionally,  from  a  more  comprehensive  study,  certain  flaws  in  the  method 
have  been  disclosed. 

Among  the  defects  of  the  existing  subdivision  regulations  of  the  i960 
Safety  Convention  which  wore  considered  as  a  reason  for  their  revision  ares 

-  The  formulae  for  the  Criterion  of  Service  have  become  obsolete 
because  the  relationship  between  the  volumes  of  different  spaces 
within  the  ship's  hull  (which  was  Introduced  in  these  formulae  in  a 
hidden  way)  has  changed  since  thoso  formulae  were  produced.  Improvements 
in  machinery  design  have  permitted  higher  power  within  less  space. 

There  has  been  a  demand  for  more  spacious  passenger  accommodations 
causing  them  to  bo  located  to  a  greater  degree  abovo  the  bulkhead  dock. 

In  consequence,  the  safety  standard  applied  to  a  ship  whoso  primary 
function  is  tho  carriage  of  passengers  >v»n  depreciated. 

-  The  regulations  in  the  i960  Safety  Convention  do  not  take  in.  ac  *unt 
the  fact  that  for  any  given  bulkhead  arrangement  quite  different  extents 
of  flooding  con  arise  as  a  result  of  varying  dosage  length  which  is  a 
random  quantity. 
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-  The  method  employed  in  the  I960  Safety  Convention  does  not  take 
full  account  of  the  effects  of  ship  proportions,  of  operation 
at  draughts  less  than  the  load  draught,  of  variations  in 
permeability,  or  of  stability  flooded  on  the  degree  of  safety. 

These  and  some  other  deficiencies  of  the  regulations  in  the  I960  Safety 
Convention  lead  to  an  incorrect  estimate  of  the  ship's  safety.  In  particular, 
the  method  used  in  the  I960  Safety  Convention  calls  two  ships  equally  safe  if 
they  have  the  same  value  of  subdivision  factor  though  these  ships  may  have 
quite  different  actual  capabilities  to  withstand  damage. 

At  the  International  Conference  on  Safety  of  Life  at  Sea,  I960  several 
countries,  including  Federal  Republic  of  Germany,  Italy,  Japan,  the 
United  States  and  the  Soviet  Union,  submitted  proposals  for  amendments  to 
Chapter  II  of  the  1948  Safety  Convention  in  respect  of  subdivision  and 
damage  stability  regulations.  Although  these  proposals  were  not  accepted  by 
the  Conference,  it  was  agreed  that  improvement  in  these  regulations  was 
desirable.  In  Recommendation  6,  the  Conference  noted  that  UEO  should,  at 
the  earliest  practicable  date,  carry  out  investigations  directed  towards 
improvement. 

A  principal  teak  of  the  HJCO  Sub— Committee  on  Subdivision  and  Stability, 
established  in  1962,  has  been  to  carry  out  this  work. 

Id  1967,  efter  many  preliminary  studies,  the  Sub-Committee  established 
the  Ad  Hoc  Group  for  the  preparation  of  new  Regulations. 

Since  establishment  of  the  Sub-Committee,  and  Including  the  Ad  Hoc  Group, 
aore  than  25  international  meetings  have  been  held  and  more  than  150  relevant 
papers  have  been  considered. 

background  theoretical  and  experimental  work  has  been  extensive  and 
>m«  involved  a  high  degree  of  cooperation  among  countries  both  in  undertaking 
this  work  and  in  the  discussions  within  the  Sub-Committee.  It  may  be  also 
said  that  the  new  Regulations  reflect  a  considerable  degree  of  contribution 
from  all  I ienbers  of  the  Sub-Committee. 
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In  preparing  the  new  Subdivision  Regulations  the  following  naln  prenises 
were  taken  as  a  basis: 

-  The  level  of  safety  provided  by  the  new  Regulations  should,  in 
general,  be  ainilax  to  that  given  by  the  I960  Safety  Convention. 

-  The  degree  of  safety  should  increase  with  the  ship  length  end 
the  total  nunber  of  persons  which  the  ship  is  certified  to  carry. 

-  As  a  criterion  of  the  degree  of  safety  an  index  of  subdivision 
which  is  a  aeasure  of  the  ship’s  ability  to  survive  after  donage 
should  be  used.  This  index  should  reflect  the  effect  of  bulk¬ 
head  spacing,  stability,  and  other  features  relevant  to  this 
ability. 

-  Since  a  purely  probabilistic  approach  to  evaluation  of  safety 
would  lead  in  sone  cases,  to  design  of  ships  with  unacceptable 
vulnerability  in  sone  part  of  their  length,  the  regulations 
should  include  specific  minimum  standards  for  conpartnentation 
end  damage  stability  leading  to  approximately  the  sane  degree  of 
safety  in  these  respects,  as  is  provided  by  the  Regulations  of 
the  I960  Safety  Coviveation. 

The  nost  important  and  principal  distinction  of  the  new  Regulations  is 
the  use  of  the  probabilistic  approach. 

As  it  is  well  known,  cany  factors  actually  affecting  the  final 
consequences  of  ship  hull  damage  are  random  and  their  influence  is  different 
for  ships  wish  different  characteristics.  For  example,  it  is  obvious  that 
in  ships  of  similar  size  carrying  different  amounts  of  cargo,  quite  similar 
damages  may  lead  to  different  results  because  of  differences  in  the  range  of 
permeability  and  draught  during  service. 

Bus  to  *his  fact,  the  effect  of  damage  to  a  ship  with  given  watertight 
subdivision  depends  on  the  following  circumstances: 

-  which  particular  compartment  or  group  of  adjacent  compartments 
is  flooded; 
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-  the  draught  and  intact  stability  at  the  tine  of  damage; 

-  the  permeability  of  affected  spaces  at  the  tine  of  damage; 

-  the  sea  state  at  the  monent  of  damage; 

-  other  factors  such  as  possible  heeling  nouents  due  to 
unsymnetrical  weights. 

Sone  of  these  circunstances  are  interdependent  and  the  relationship 
between  then  and  their  effects  nay  vary  in  different  cases. 

For  these  reasons  and  because  of  nathenatical  conplexity  as  well  as 
insufficient  data,  it  is  not  practicable  to  nake  an  exact  or  direct  assess¬ 
ment  of  their  effect  on  the  probability  that  a  particular  ship  will  survive 
a  damage  if  it  occurs.  However,  accepting  sone  approximations  or  qualitative 
judgments,  a  logical  treatment  nay  be  achieved  by  using  the  probability 
approach  as  the  basis  of  a  comparative  method  for  the  assessment  and 
regulation  of  ship  safety. 

The  probability  of  ship’s  survival  includes  the  following  probabilities: 

-  the  probability  of  flooding  each  single  compartment  and  each 
possible  group  of  two  or  more  adjacent  compartments; 

-  the  probability  that  the  residual  buoyancy  after  flooding  of 

a  compartment  (or  a  group  of  two  or  more  adjacent  compartments) 
under  consideration  will  be  sufficient  to  provide  for  survival; 

-  the  probability  that  the  stability  after  flooding  a  compartment 
(or  a  group  of  two  or  more  adjacent  compartments)  will  be 
sufficient  to  prevent  capsizing  or  dangerous  heeling  due  to  loss 
of  stability  or  to  heeling  moment. 

It  nay  be  demonstrated  by  means  of  the  probability  theory  that  the 
probability  of  ship  survival  should  be  calculated  as  a  sue  of  probabilities 
of  her  survival  after  flooding  each  single  compartment,  each  group  of  two, 
three  etc.  adjacent  compartments  multiplied,  respectively,  by  the  probabilities 
of  such  damages  as  lead  to  the  flooding  of  the  corresponding  compartment  or 
group  of  compartments. 
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The  principles  of  evaluation  of  the  probability  of  flooding  of  any  given 
coopartnent  or  group  of  adjacent  conpartnenta  are  shown  in  Fig. 1.1. 

Sinilaxly  principles  of  evaulation  of  the  probability  of  survival  after 
flooding  of  any  given  compartment  or  group  of  adjacent  conpartnenta  are  shown 
in  Fig.  1.2. 

Bata  analyzed  and  utilized  in  preparing  the  new  Regulations  include: 

-  Collision  casualty  reports  giving  damage  dimensions  and  location 
in  ship,  sea  state  and  other  relevant  information; 

-  Voyage  reports  containing  infomation  pertaining  to  operating 
draughts  and  permeabilities  (as  well  as  stability); 

-  Ilodel  tests  of  two  damaged  ships  in  waves  as  well  as  supple¬ 
mentary  tests  of  simplified  models  of  varying  beam  to  determine 
the  effect  of  bean-depth  ratio. 

While  the  resulting  information  presently  available  is  considered 
insufficient  to  permit  a  precise  determination  of  ship  survival  probability, 
the  new  regulations  lead  to  a  comparative  evaluation  of  ship  safety  based  on 
probability  principles  and  specifically  provide  for: 

-  An  objective  evaluation  of  the  effect  of  individual  specific  ship 
features  on  the  safety  of  the  ship.  In  thio  connexion,  the  new 
Regulations,  without  loss  in  safety,  permit  greater  latitude  in 
bulkhead  arrangement  than  do  the  Regulations  of  the  I960  Safety 
Convention. 

-  Possible  future  improvement  in  the  Regulations,  without  need  for 
change  in  their  structure,  as  additional  relevant  statistical  and 
other  information  cay  become  available. 
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PART  II  -  CUlmTCE  NOTES  FOR  APPLICATION  OF  TOSGULATIOITS 

In  these  notes,  reference  is  made  to  the  numbers  of  the  new  Regulations. 
However,  where  any  part  of  a  Regulation  is  considered  sufficiently  like  its 
counterpart  in  Chapter  II  of  tho  i960  Safety  Convention,  or  is  otherwise 
fully  self-evident,  no  mention  is  made. 

Regulation  1  -  Definitions 

Paragraph  1(b).  In  effect  "the  subdivision  length"  (L„)  is  the  moulded 

c 

overall  length  of  the  buoyant  part  of  the  intact  ship.  In  contrast  to  the 
length  as  defined  in  Regulation  2(b)  of  Chapter  II  of  the  i960  Safety  Convention, 
it  is  unaffected  by  changes  in  the  subdivision  draught. 

Paragraphs  1(b),  (e)  and  (f)  are  illustrated  by  Figure  2.1. 

Sub-paragraph  l(g)(ii).  The  "lightest  service  draught"  (dQ)  is  normally 
the  anticipated  draught  with  no  cargo  but  with  the  ship  in  service  condition 
end  with  sufficient  tankage  and  ballast  to  provide  the  minimum  operational 
mctaeontric  height  at  that  draught  prescribed  in  accordance  with  Regulation  8(b)(i). 
However,  in  the  case  of  ships  which  may  never  be  operated  without  at  least  some 
cargo  aboard,  tho  anticipated  minimum  cargo  should  bo  included. 

Sub-paragraph  l(g)(iii).  The  use  of  these  intermediate  draughts  it 
eicplained  under  discussion  of  Regulation  6(d) (ii). 

Paragraph  l(h)  is  illustrated  by  Figure  2.2. 

Regulation  2  -  Subdivision  Inden 

This  Regulation  requires  that  safety  shall  increase  as  L  and  N  are 
increased,  but  that  the  rate  of  increase  of  safety  shall,  for  practical  reasons, 
diminish  towards  the  higher  end  of  tho  scale. 

It  noy.be  noted  that  officers  and  crew  aro  included  in  the  evaluation  of 
R,  not  only  for  humanitarian  reasons  but  also  because  it  was  found  that  such 
inclusion  evidently  resulted  in  a  better  evaluation  of  the  chip’s  cervice. 

That  is  to  cay,  luxury  and  cruise  chips,  devoted  virtually  exclusively  to 
passengers,  tend  to  have  larger  crews  than  ships  of  about  the  same  size  and 
passenger  numbers,  but  which  depend  upon  cargo  revenue  for  part  of  their  income. 
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figure  2.2(a)  •  Illustration  of  "effective  none  damage 
freeboard"  (F^)«  Regulation  l(h) 


t—  MiDLENCTH 


The  dlfitanoe  0.2  B,,  nay  be  measured  perpendicular  to  the 
danage  interline,  or  perpendicular  to  the  subdivision  loadline. 
The  differ onoe  is  negligible  far  regulatory  purposes. 


figure  2.2(b)  -  Illustration  of  Unit  on  f.  imposed  by 
openings  In  tbs  bulkhead  deck. 


T he  Idaini  strati  on  nay  determine  In  each  case  If  the  Inclined 
damage  WL  oan  be  assumed  to  pass  through  the  intersection  point  a. 
with  negligible  difference  In  0^, 


fj  shall  net  be  taken  as  acre  than  l/j  B2  tan  Q*  where  ®f  iB 
the  angle  at  which  stairway  or  ether  openings  In  the  bulkhead  deok 
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Paragraph  2(c).  Fornula  (i)  is  based  upon  a  consideration  of  tho  results 
of  calculations  of  the  Subdivision  Index  L  for  a  representative  sanple  cf 
existing  passenger  ships  coup lying  with  the  requirenents  of  the  I960  Safety 
Convention. 

Because  the  Regulations  in  tho  I960  Safety  Convention  under  which  these 
shies  were  constructed  are  illogical  (for  rcacono  stated  in  Part  I)  it  would 
bo  surprising  if  these  A  values  did  not  she w  considerable  scatter. 

After  analyzing  tho  characteristics  of  these  chips  end  considering  the 
influence  of  their  essential  design  parrr'otero,  as  well  as  the  results 
of  sane  design  studios,  it  was  concluded  that,  for  new  ships,  A  values  appreciably 
better  thru  attained  by  at  least  sonc  of  these  existing  ships,  could  bo  realized 
without  economic  or  service  penalty. 

Tho  coefficients  of  fcrnula  (I)  were  accordingly  selected  such  that  U 
corresponds  to  about  tho  median  of  the  attained  A  values  of  the  entire  sarnie, 
i.e. ,  so  as  to  correspond  about  to  the  average  safety  of  existing  ships.  This 
is  shown  by  Figure  2.3.^ 

Paragraph  2(c),  together  with  sub-prrrgraphs  5(b)(i)  end  (ii),  re thins  a 
relationship  between  lifobestago  and  coriparfcuent  standard  similar  in  intention 
to  Regulations  l(d)  and  5(e)  of  Chapter  II  of  the  I960  Safety'  Convention. 

However,  this  n ew  regulation  provides  for  %  cpr.dunl  increase  in  the  safety 
standard  in  contrast  to  the  abrupt  increase  which  often  results  fron  application 
of  the  Hogulation3  of  the  I960  Safety  Convention, 

Paragraph  2(d)  provides  fer  relaxation  of  tho  safety  standard  at  the 
discretion  of  tho  Adninistration  and  is  analogous  to  Regulations  l(c), 

5(e) (i) (2)  and  5(e) (ii)  of  Chapter  II  cf  the  I960  Safety  Convention. 

i/  It  should  be  nentioned  that  tho  points  in  this  graph  wore  obtained  by  nean3 
of  tho  foroulae  used  in  previous  draft  regulations.  Eavevor,  it  is 
considered  that  the  difference  in  results  after  application  of  tho  latest 
formulae  will  not  be  significant. 
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ecia.1  Rules  Concerning  Subdivision 


Paragraphs  3(a)  and  (b),  in  effect, take  the  place  cf  Regulations  6(c)  and 
(d)  respectively  of  Chapter  II  of  the  i960  Safety  Convention. 

Regulation  4  -  Permeability 

Paragraph  4(b)  based  upon  analysis  of  actual  chip  operating  data  Is 
logical.  For  ships  having  a  scall  range  of  operating  draughts  (due 
appreciably  if  not  entirely  to  variations  in  tankage),  the  likelihood  is 
high  that  cargo  spaces  cay  be  only  slightly  occupied  or  eepty  even  when  the 
chip  is  near  dQ.  On  the  other  hand,  for  ships  having  a  greater  range  of 
operating  draughts,  there  is  greater  likelihood  that  sooe  of  this  draught 
range  will  be  due  to  variations  in  cargo  and  therefore  that  cargo  spaces 
nay  be  occupied  by  sene  cargo  at  any  draught.  At  the  sane  tine,  for  any 
given  ship,  the  possibility  that  cargo  spaces  cry  bo  only  partially  filled 
or  even  enpty  increases  a3  operating  draught  is  reduced. 

Regulation  5  -  Subdivision  and  Danaree  Stabilit 


Studies  of  the  subdivision  and  danage  stability  of  existing  long  and 
short  voyage  ships,  which  conply  with  the  I960  Safety  Convention,  shoved 
that  there  was  no  consistent  relationship  between  ship  length  and  the 
required  conpartnentaticn  standard  corresponding  to  the  factor  of  subdivision 
On  the  other  hand,  apart  fron  scatter,  it  was  found  that  Regulations  3(d)  and 
(e)  of  Chapter  II  of  the  i960  Safety  Convention  do  roughly  differentiate 
between  one  and  two  cocpartcont  ships  according  to  tho  total  number  of 
persons  aboard  -  as  is  shown  in  Figure  2.4*  Consequently  the  conpartnent 
standard  prescribed  by  this  new  Regulation  is  dependent  upon  H  only  as 
defined  in  Regulations  2(o)  and  (d)  and  already  mentioned. 
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Sob-paragraph  5(b)(1)  provide*  that  ahipe  are  a a  safe  in  reepeot  to 
daoages  of  the  apeeified  site  aa  they  are  under  Chapter  32  of  the  I960  Safety 
Convention.  Probabilistic  evaluation  of  the  effect  of  variation  In  daaage 
else  is  dealt  with  by  Regulations  6(o)  and  7. 

Sub-paragraphs  5(b) (i)  and  5(b)(ii)  have  -the  effeot  oft 

1.  Requiring  a  one  coopartoent  standard  for  valusa  of  S  for  which  nearly 
all  aarple  ahipe  have  factor  of  subdivision  values  greater  than  0.5* 

2.  Requiring,  progroeeively,  in  addition  a  two  oocpartoent  standard  for 
part  of  the  length  forward  for  values  of  I  for  which  sane  aacple  ships  have  a 
factor  of  subdivision  greater  than  0.5  while  for  other  such  ahipe  the  factor 
of  subdivision  is  less. 

5.  Requiring  a  two  cogwurtnent  standard  throughout  for  values  of  H  for 
whioh  nearly  all  eaople  ships  have  factor  of  subdivision  values  leas  than  0.5. 

The  method  of  application  of  sub-paragraph  5(b)(il)  la  shown  by  Figure  2.5 

Figure  2.5  -  Illustration  of  the  Application  of 
sub-paragraph  5(b) (ii)  to  a  ship 
with  K-900. 

NEED  0  HIT  BE  Aftl  i_T  0 _ MUST  fli  ABLE  TQ  WITH  STAND 

j  WITHSTAND  PAHAQE  WITHIN  ^DAMA^e” ON  ANT  BULKHEAD 
i  TWO  ADJACENT  BULKHEADS .  ;  / 0  R WARD  IF  THIS  BULKHEAD. 
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Sub-paragraph  5(b) (iii)  has  essentially  the  same  intent  as  the  corresponding 
Regulation  7(d) (iii)  in  the  1960  Safety  Convention  but  is  more  explicit. 

Sub-paragraph  5(c) (i)  takes  the  place  of  Regulation  7(f)  of  Chapter  II  of 
the  1960  Safety  Convention.  Principally,  it  corrects  the  weakness  in  that 
Regulation  which  permits  acceptance  of  conditions  wherein  a  damaged  ship 
simultaneously  might  have  only  2  inches  (or  0.05  metre)  metacentric  height 
and  only  3  inches  (or  0.076  metre)  freeboard,  or  other  unrealistically  lov 
values  despite  the  fact  that  chances  of  surviving  such  a  condition  are,  as  is 
shown  in  Figure  2.6,  non-existent. 


HEEJ  ANGLE  -  DE^'-S 
GZ  curves  for  a  100  m  Vehirle  Ferry. 


The  formulae  for  the  minimum  residual  GM  have  the  effect  of  providing: 

(a)  some  allowance  for  a  possible  heeling  moment  due  to  an  unsymmetrical 
distribution  of  persons  on  board;  and 

(b)  an  absolute  minimum  value  of  GM  dependent  on  the  beam  and  the  freeboard 
af ter*damage. 

Sub-paragraph  5(c)(1)  (2)  corrects  the  ambiguity  of  Regulation  7(f)(ii)  of 
Chapter  II  of  the  1960  Safety  Convention  and  reflects  the  view  of  a  majority  of 
Sub-Committee  Members  that  the  maximum  permissible  heel  for  final  flooding  should 
be  less  than  15  degrees. 
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Sub-paragraph  5 (c)(1) (3)  In  contrast  to  Regulation  7(f) (ill)  of  Chapter  II 
of  the  1960  Safety  Convention  eliminates  any  vertical  limit  to  immersion  within 
the  flooded  compartment  or  compartments,  and  prescribes  that  elsewhere  in  the 
ship  the  relevant  bulkhead  deck  at  side  shall  not  be  immersed.  The  Sub-Committee 
felt  that  a  3  inch  (0.076  m)  margin  line,  in  association  with  the  other 
provisions  of  these  new  Regulations,  would  be  trivial  and  unnecessary. 

Sub-paragraphs  5(c) (iii)  and  (iv)  specify  what  may  seem  obvious  -  that  heel 
before  equalization  or  during  any  intermediate  stage  flooding  shull  not  result 
in  progressive  flooding.  That  is  to  say,  it  may  immerse  the  "relevant  bulkhead 
deck"  or  even  the  "immersion  limit  line"  but  shall  not  immerse  either  deck  or 
bulkhead  openings  through  which  extension  of  flooding  can  take  place. 

Sub-paragraph  5(c) (iv)  leaves  to  Administrations  to  decide  what  stability 
may  be  sufficient  during  intermediate  stages  of  flooding.  However  for  purposes 
of  uniformity  in  applying  the  Regulations,  a  minimum  righting  arm  of  0.05  m 
may  be  recommended. 

Reflecting  the  practice  of  Administrations  with  experience  in  dealing 
with  this  problem,  the  heel  before  equalization  or  at  any  intermediate  stage 
is  also  limited  to  20  degrees. 

In  regard  to  equalization  time,  it  was  found  that  the  provision  of 
Regulation  7(e)  of  Chapter  II  of  the  1960  Safety  Convention  was  interpreted 
differently.  To  avoid  this  ambiguity  it  *as  considered  necessary  to  specify 
that  the  required  equalization  time  relates  to  equalization  to  the  limits 
specified  in  sub-paragraphs  5(c)(1) (2)  and  (3).  At  the  same  time,  recognizing 
that  equalization  to  complete  equilibrium  may  take  appreciably  longer,  it  was 
considered  that  the  time  to  attainment  of  those  heel  limits  should  not  be  more 
than  10  minutes. 

Paragraph  5(d),  together  with  sub-paragraph  5(b) (iii),  defines  the 
conditions  and  assumptions  under  which  damage  stability  calculations  are  to  be 
made  and  are  much  more  explicit  and  unambiguous  than  the  corresponding  provisions 
of  Chapter  II  of  the  1960  Safety  Convention. 
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The  requirement  concerning  calculations  dealing  with  equalization  neons  that 
if  a  cross-connected  side  tank  is  damaged  it  shall  be  assumed  to  reach  equilibrium 
with  the  sea  prior  to  connencenent  of  equalization.  However,  if  there  is  sufficient 
free  area  through  which  water  can  flow  such  as  lightening  holes  these  provisions 
do  not  apply. 

Herniation  6  -  Attained  Subdivision  Index  A 

For  the  purposes  of  Regulation  6,  except  as  provided  in  sub-paragraph  6(a) (iii), 
the  specifications  as  to  damage  extent  given  in  Regulation  5  do  not  apply.  However, 
the  longitudinal  extent  of  damage  and  related  extent  of  flooding  used  in  calculating 
a,  p  and  s  should  be  mutually  consistent  and  the  vertical  extent  of  damage  used 
for  purposes  of  formula  (VIII),  should  be  that  resulting  in  the  least  value  of  s. 

Under  sub-paragraphs  6(a) (ii)  and  6(d) (iii),  even  for  a  ship  required  by 
Regulation  5  to  be  built  to  one  compartment  standard,  if  the  placing  of  bullcheads 
and  draught  and  trim  are  such  that  in  a  part  of  the  length,  it  iB  possible  to  obtain 
an  "b"  value  more  than  zero  after  flooding  of  two  or  more  adjacent  compartments 
under  the  conditions  specified  therein,  the  contribution  of  such  a  flooding 
condition  to  the  I  ape  nay  be  included. 

In  circumstances  where  sub-paragraph  6(a) (iii)  applies,  the  additional 
contribution  due  to  damage  penetrating  into  the  inboard  spaces  nay  also  be 
included.  In  ouch  case  formula  (II)  becomes: 

L  =1  ap[swr  +  Bc(l-r)] 

where  s  =  s  after  flooding  of  only  wing  compartments 

s  =s  after  flooding  of  both  wing  and  inboard  compartments, 
c 

Y/hether  or  not  sub-paragraph  6(e) (iii)  applies,  damage  may  be  assumed 
as  limited  to  cnly  wing  spaces  if  ”pM  is  taken  as  multiplied  by  ”r". 

Paragraphs  6(b)  and  (c)  contain  formulae  (ill)  and  (IV)  which  are  based 
upon  an  analysis  of  collision  casualty  data.. 
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Formula  (Hi)  In  effect  aasunee  a  donate  density  distribution  along  the 
ship  length  approximately  as  shown  in  Figure  2.7* 

Figure  2.7 


Foxnula  (17),  in  affoct,  aasunee  for  ships  up  to  200  oetres  L>(  that 
danages  which  nay  occur  will  vary  froo  0  to  0.24  L  in  longitudinal  extent 
with  a  median  longitudinal  extant  of  about  O.C?  L  .  Far  ships  above  200  netrea  L 

B  B 

it  aasunee  that  the  longitudinal  extent  of  damage  varies  between  0  and 
46  oetres  and  with  a  median  longitudinal  extent  of  about  14  oetres. 

Figure  2.8  illustrates  the  definitions  of  p  and  1  as  used  in 
Formulae  (III)  and  (17). 

Paragraph  6(d).  Formula  (Till)  given  in  sub-paragraph  (l)  is  an  empirical 
expression  of  the  form 


"9 

F#  ■  -  ■£*  tan  0,  is  the  effective  freeboard  flooded; 

GM  =  GM  -MMc »  ifl  the  effective  oetaesntrlo  height  flooded;  and 

®  R  ^ 

s  ie  the  probability  of  survival  factor. 


where! 
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Bxia  expression  la  based  upon  the  reeulta  of  daoege  stability  aodal 
experinente  In  waves  and  upon  consideration  of  probable  oolllalcn  oasualty 
aea  atate  aa  Indicated  b y  aea  oondltlon  reporta  of  oolllded  ahipa. 

The  oultlpllara  of  7  omul  a,  (ZZ)  of  sub-paragraph  6(d)(li)  in  effect  glre 
"a*  aa  obtained  by  a  Sinpacn'a  integration  ores  the  range  of  draughts 
between  dQ  and  dg  whan  the  denalty  function  of  draught  distribution  la  taken 
a a  triangular,  with  tha  naxlcon  value  at  dj  and  with  valuea  at  d^  and  dj  half 
the  naxiram.  That  la  to  say,  dj  la  aaaunad  to  be  noat  likely  and  and  dj 
are  aaauoed  each  to  be  half  ae  likely,  ae  show*  In  Figure  2.9 

figure  2*9 

/(d) 


<L  d,  d2  d3  d  s  <L 

The  uae  of  thle  aaauoed  draught  distribution  function  ie  baaed  upon  exaninatioa 
of  the  ship  operating  data  aleo  oonsldered  In  respeet  to  varlatlana  In  oargo 
apaoe  paroeablllty  (already  dleouaaed). 


IK'V1”? v;*» ^ni*Eri5 vTT* •  li\> ii  >v  [  M¥\v *  v#  V> P7 


Szoept  aa  provided  In  Regulation  6(a)(lll),  Regulation  7  need  not  be 
applied  to  conventional  ahipa  in  which  the  tranavarae  bulkheads  extend  fron 
aide  to  aide. 

Regulation  7  provides  a  aeans  for  evaluating  the  safety  of  ehipe  wherein 
the  spacing  of  transverse  bulkheads  bounding  the  apaoe  or  apaoea  Inboard  of 
longitudinal  watertight  bulkheads  nay  appreciably  exceed  that  of  the  transverse 
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watertight  bulkheads  separating  the  outboard  coLpsrtuonts, ’  For  instance,  subject 
to  compliance  with  Regulation  5*  and  provided  that  the  resulting  "A"  value, 
calculated  according  to  Regulation  7(b), is  at  least  equal  to  "R",  Regulation  7 
p emits  acceptance  of  a  design  having  a  very  long  inboard  space  above  a  water¬ 
tight  flat  or  deck  which  nust  be  at  least  O.IB^  above  the  base  line  but  nay  be 
below  the  subdivision  load  line.  It  nay  be  noted  that  such  a  design  is  not 
acceptable  under  the  Regulations  of  Chr.pt or  II  of  the  I960  Safety  Convention. 
Regulation  7»  therefore,  has  the  effect  of  permitting  designers  improved 
latitude  to  adopt  more  efficient  arrangements  in  respect  to  a  ship's  service 
needs. ’  It  is  anticipated  that  this  Regulation  will  have  particular  application 
to  vehicle  ferries. 

This  Regulation,  in  effect  is  predicated  on  the  assumption  that  flooding 
of  inboard  spaces,  if  it  occurs  at  all,  will  be  duo  only  to  side  damage 
penetrating  that  deep.  This  assumption  is  justified  by  the  requirement  of 
sub-paragraph  7(a)(i)  for  a  horizontal  watertight  division  not  less  than 
0. lB^  above  the  base  line,  which  virtually  assures  that  flooding  of  inboard 
spaces  as  a  result  of  bottom  damage  is  very  unlikely. 

The  reduction  factor  "rM  given  by  Formula  (X)  is  based  upon  examination 
cf  collision  cases  in  which  information  on  both  damage  penetration  and  damage 
longitudinal  extent  was  available.  While  damages  of  greatest  longitudinal 
extent  are  caused  by  glancing  impacts  and  therefore  tend  to  have  shallow 
penetration,  examination  of  the  collision  cases  showed  that  in  most  cases, 
greater  longitudinal  extent  was  associated  vith  greater  penetration  -  that 
is  to  say,  collisions  involving  greater  energy  absorption.  The  formulae  for 
"r"  reflects  this  relationship. 

Figure  2.10  illustrates  the  applicable  limits  as  regards  to  ship  arrangement 
and  Pigure5.il  illustrates  the  definitions  of  1  end  b  according  to  sub¬ 
paragraph  7 (b) (ii) • 
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Floors  2.10 


i 


"X”  la  the  leaat  distance  neasured  at  right  angles  to  centreline, 
free  ship's  side,  at  level  of  subdivision  load  line,  to  longitudinal 
bulkhead* 

If  "X"  is  not  less  than  0.2  B^  and  "A"  computed  by  Regulation  7(b) 
at  least  equals  "R",  possible  damage  to  inboard  space  nay  be 
disregarded  and  Inboard  spaoe  does  not  require  subdivision. 

If  however  "A"  cocputed  In  accordance  with  Regulation  7(b)  is  less 
than  "H",  the  possibility  of  damage  to  the  Inboard  spaoe  may  be 
Included.  In  such  a  case,  the  inboard  space  oust  be  subdivided 
sufficiently  so  that  the  resultant  flooding  does  not  exoeed  the 
slnkage,  trim  and  heel  limits  of  Regulation  6(d)(ili). 

If  "X"  is  l£8£_t^ag  0,2  B^  damage  to  the  Inboard  space  must 
be  assumed  and  such  inboard  space  must  be  subdivided  sufficiently 
so  that  the  resultant  flooding  does  not  exceed  the  sinkags,  trim 
and  heel  limits  of  Regulation  5(c). 
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Lation  8  -  Stability  Information 


Begulation  8  replaces  those  portions  of  Regulations  7(e)  and  (g)  of 
Chapter  II  of  the  I960  Safety  Convention  dealing  with  information  to  the 
Master,  Begulation  19  as  it  applies  to  passenger  ships,  and  Begulation  20. 
In  so  doing,  Begulation  8  nore  specifically  indicates  tho  nature  and 
extent  of  the  required  information.  Tho  new  Regulations  accordingly  do 
not  include  the  relaxation  provision  as  contained  in  Regulation  7(h) 
of  Chapter  II  of  the  I960  Safety  Convention. 


Re.Tulations 


Regulations  9  to  21  replace  Regulations  8  to  18,  21  end  22  of 
Chapter  II  of  the  I960  Safety  Convention,  with  amendments  as  necessary 
for  consistency  with  Regulations  1  to  8.  In  general,  those  amendments 
do  not  materially  change  the  level  of  requirements  provided  by  the 
Regulations  in  Chapter  II  of  the  I960  Safety  Convention. 
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PAM  III  -  OTHUHCE  POE  iSSE<BUm  INPOT  LATA  AND  STRUCTURING  OUTPUT  LATA 

The  infomatian  given  in  this  pert  of  the  explanatory  note  ie  intended 
for  assistance  to  practising  naval  architects  in  planning  and  in  raking  the 
calculations  necessary  to  comply  with  the  sew  Subdivision  and  Damage  Stability 
Regulations.  Also  included  is  a  flow  diagram  relative  thereto. 

Input  data 

Bse  input  data  fall  into  three  categories,  some  measured  directly  from 
the  ship's  plans,  the  remainder  calculated. 

Airoetiy  f*m  the  ship's  plans. 

(a)  Lg.  "midlength" ,  B2,  *v  IJ2,  N,  Xj,  X2,  dQ  and  dB. 

A a  oan  be  seen  from  Figure  3.1,  and  X2  for  each 
conpartaent  oust  be  chosen  so  that  the  difference 
(X2  -  X^}  ie  a  minimum. 

Figure  3*1 


_&U.  JJaJ  Jij  -&J 

- ►  X,  - •>  X/  - ■*  */ 


(b)  Lata  for  the  relevant  bulkhead  deoks,  probably  in  the 
form  of  sets  of  co-ordinats  points  along  the  deoks 
ooczprlsing  the  relevant  bulkhead  decks  for  each  ooo- 
paxtoant  damage  oase.  An  <**«<«*  for  each  co-ordinate 
point  oould  be  used  to  assoolste  the  relevant  bulkhead 
deck  with  each  damage  oase. 
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(c)  Openings  leading  to  downflooding,  which  could  be  indexed  similarly. 
Openings  leading  to  flooded  conpartnent3  would  be  disregarded  for 
particular  danage  cases. 

(d)  Pemeabilities  for  all  but  cargo  spaces  and  tanks,  established  by 
Regulation  4(a). 

2.  Information  for  intact  shir  loading  conditions 

(a)  d^ ,  d2,  and  d^,  calculated  fron  formulae  in  Regulation  3(g)(iii).  . 

(b)  ISmdrrun  trims  anticipated  at  each  draft'  (dQ  to  d  ).  The  damage 
stability  calculations  should  be  performed  so  that  maximum  forward 
trims  will  be  used  with  damages  to  the  forward  part  of  the  ship, 
and  maximum  aft  trim  will  be  used  with  damages  to  the  aft  part  of 
the  ship.  This  assumption  will  provide  the  most  onerous  conditions 
regarding  the  relevant  bulkhead  decks  ox  downflooding  openings. 

(°)Mi  for  carS°  spaces,  calculated  in  accordance  with  Regulation  A  (b) 
or  4  (c). 

3.  Damage  specifications 

(a)  All  one  and  two  compartment  damages,  as  required  for  Regulation  5, 
and  all  additional  combinations  desired  for  inclusion  in  the 
calculations  for  "A".  For  the  convenience  of  naval  architects,  it 
is  suggested  that  a  systematic  numbering  system  be  applied  to  the 
combinations  of  compartments.  A  sample  of  such  a  system  is  :  10.32 
The  integer  refers  to  the  aftnost  damaged  conpartnent,  the  first 
decimal  number  refers  to  the  number  of  compartments  included 

(10,  11,  12),  and  the  second  decimal  number  refers  to  alternative 

floodings  for  the  sane  main  compartments  (10.31  refers  to  damage 

including  a  double  bottom,  10.32  refers  to  danage  above  the  double 

bottom) . 

• 

(b)  Items  for  each  damage  case: 

(i)  compartments  or  combinations  to  be  flooded. 

( impermeabilities  of  tanks  (0.00  or  0.95)  must  be  assumed,  to 
provide  the  nore  onerous  danage  condition  for  Regulation  5- 
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(iii)  index  for  relevant  bulkhead  deck  (see  1(b))  to  be  used  for 
calculation  of  F1 ,  and  for  satisfaction  of 

Regulation  5(c) (±) (3)  or  6(d)(iii)(2). 

(iv)  index  for  downflooding  openings  which  are  associated  with 
the  damage  case. 

(v)  infornation  controlling  the  processes  of  intermediate  stages 
of  flooding  and  cross-flooding. 

Outnut  data 

For  the  cake  of  having  uniform  presentations  of  the  data  from  various 

naval  architects,  the  following  outline  is  recommended: 

(a)  Summary  of  results:  GI^  for  each  intact  loading  condition,  with  the 
associated  draft  and  trim,  end  the  "A"  value.  Also  included:  GI^ 
values  if  higher  than  those  required  in  Regulation  5  end  the  resultant 
"A"  value. 

(b)  Tables  of  data  to  fulfil  Regulations  5  end  6,  according  to  the  following 
criteria: 

(i)  relevant  bulkhead  deck  clear  of  the  flooded  compartments  not 
immersed  in  the  final  stage  of  flooding. 

(ii)  angle  of  heel  not  exceeding  20°  during  flooding. 

(iii)  no  progressive  flooding  during  flooding. 

(iv)  angle  of  heel  limited  to  7°  for  one-compartment  damage  and  12° 
for  tv/o-or-nore-c onpartnent  damage  in  final  stage  of  flooding. 

(v)  GI  in  final  stage  of  flooding  not  les3  than 
0.003  .  B22  .  (Kx  +  Hg )/( displacement  .  or 
0.015  •  B2/^?l  or  0,°5*  ki  metres  (for  Regulation  5). 

(vl)  (GlIp-III^)  in  final  stage  of  flooding  not  less  than  0.05  metres 
(for  Regulation  6(d)(iii))» 

(c)  Tables  of  data  for  individual  damage  cases.  The  administrations 
probably  will  require  data  for  righting  arm  curves,  in  accordance  with 
Regulation  5(o)(iv).  They  probably  aloo  will  require  data  for  the 
ninlnun  distances  from  the  flooded  waterlines  to  the  relevant  bulkhead 
decks  and  to  the  relevant  down flooding  openings. 
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PART  IV  -  BASIS  FOR  THE  CALCULATION  OF  THE  SUBDIVISIOiT  Timnr  a 

In  this  part  the  physical  and  statistical  background  cf  the  subdivision 
inden  is  presented.  The  calculation  of  the  probability  of  damage  is  developed 
and  a  sunnary  of  the  damage  data  statisticG  is  given. 

Finally,  the  development  of  the  calculation  of  the  probability  that  a 
damaged  ship  will  not  capsize  or  sink  is  demonstrated. 

1.  Introduction 

The  Attained  Subdivision  Index  A  is  based  on  the  concept  of  the  probability 
of  survival  of  the  ship  in  case  of  collision. 

In  order  to  develop  this  concept  it  is  assumed  that  the  ship  is  damaged. 
Since  the  location  and  size  of  the  damage  is  random,  it  is  not  possible  to 
state  which  part  of  the  ship  becomes  flooded.  However,  the  probability  of 
flooding  of  a  space  can  be  determined  if  the  probability  of  occurrence  of 
certain  damages  is  known:  the  probability  of  flooding  a  space  is  equal  to 
the  probability  of  occurrence  of  all  such  damages  which  Just  open  the  considered 
space.  Thereby  a  space  is  a  part  of  the  volume  of  the  ship  which  is  bounded 
by  undamaged  watertight  structural  divisions. 

Next  it  is  assumed  that  a  certain  space  is  flooded.  In  addition  to 
some  invariable  characteristics  of  the  ship,  whether  the  ship  can  survive 
flooding  depends,  in  such  a  case,  on  the  ini  tied,  draught  and  Gil,  the 
permeability  of  the  space  and  the  weather  conditions,  which  are  all  random 
ct  the  time  when  the  ship  is  damaged.  Provided  that  the  limiting  combinations 
of  the  aforementioned  variables  and  the  probability  of  their  occurrence  are 
known,  the  probability  that  the  ship  vith  the  considered  space  flooded  will 
not  capsize  or  sink  can  be  determined. 

The  probability  of  survival  is  the  sum  of  the  products  for  each 
compartment  or  group  of  compartments  of  the  probability  that  a  space  is 
flooded  multiplied  by  the  probability  that  the  6hip  will  not  capsize  or 
sink  with  the  considered  space  flooded. 
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Although  the  ideas  outlined  above  are  very  simple,  their  practical 
application  in  an  exact  nanner  would  (jive  rise  to  several  difficulties.  For 
example,  for  an  extensive  but  still  incomplete  description  of  the  damage  its 
longitudinal  and  vertical  location  as  well  as  its  longitudinal,  vertical  and 
transverse  extent  is  necessary.  Apart  fron  the  difficulties  in  handling  such 
a  five— dinensional  random  variable,  it  is  impossible  to  determine  its 
probability  distribution  with  the  presently  available  damage  statistics. 

Similar  conditions  hold  for  the  variables  and  physical  relationships  involved 
in  the  calculation  of  the  probability  that  a  ship  with  a  flooded  space  will 
not  capsize  or  sink. 

In  order  to  make  the  concept  practicable,  rather  extensive  simplifications 
are  necessary.  Althoutfi  it  i3  not  possiblo  to  calculate  on  such  a  simplified 
base  the  exact  probability  of  survival,  it  is  possible  to  develop  a  useful 
comparative  measure  of  merit  of  the  longitudinal  and  transverse  (but  not 
horizontal)  subdivision  of  ships. 

2.  Determination  of  the  Probability  of  Flooding  of  Ship  Spaces 

(a)  Consideration  of  longitudinal  damage  location  and 
extent  only. 

The  simplest  case  is  to  consider  only  the  location  and  length  of  danage 
in  longitudinal  direction.  This  would  be  sufficient  for  ships  with  no 
longitudinal  and  horizontal  watertight  structural  divisions. 

With  the  danage  location  x  and  danage  length  y  as  defined  in  Figure  A.l, 
all  possible  damages  can  be  represented  by  points  in  a  triangle  which  is  also 
shown  in  this  figure. 

All  damages  which  open  single  compartments  of  length  1^  are  represented 
in  Figure  4.1  by  joints  in  triongles  with  the  base  1^.  Triangles  with  the 
base  1^  +  1^  (where  j  =  i  +  l)  enclose  points  corresponding  to  damages 
opening  either  compartment  i,  or  compartment  or  both  of  them.  Correspondingly, 
the  pcint3  in  the  parallelogram  ij  represent  damages  which  open  both  the 
compartments  i  and  j. 
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Damage  location  x  arid  damage  length  y  are  random  variables.  Their 
distribution  density  f(x,y)  can  be  derived  from  the  damage  statistics. 

The  meaning  of  f(x,y)  is  as  follovs  (see  Figure  4*2);  the  total  volume 
between  the  x-y  plane  and  the  surface  given  by  f(x,y)  equals  one  and  represents 
the  probability  that  there  is  damage  (this  has  been  assumed  to  be  certain). 

The  volume  above  a  triangle  corresponding  to  damages  which  open  a  compartment 
represents  the  probability  that  this  compartment  is  opened.  In  similar  manner 
for  all  areas-  in  the  x-y  plane  which  correspond  to  the  opening  of  compartments 
or  groups  of  compartments  there  are  volumes  which  represent  the  probability 
that  the  considered  compartments  or  group  of  compartments  are  opened. 

The  probability  that  a  compartment  or  group  of  adjacent  compartments  is 
opened  can  be  expressed  as  a.p.,  where  a  and  p  are  to  be  calculated  according 
to  the  formulae  given  in  Regulation  6  (formulae  (il)  to  (VII))  of  the  new 
Regulations. 

Consideration  of  damage  location  ::  and  damage  length  y  only  would  be 
fully  correct  in  the  case  of  ships  with  pure  transverse  subdivision.  There 
are,  however,  no  such  ships,  they  have  at  least  a  double  bottom.  In  such  a 
case  the  probability  of  flooding  a  comportment  should  be  split  up  into  the 
following  three  components:  probability  of  flooding  the  double  bottom  only, 
probability  of  ^flooding  the  space  above  the  double  bottom  only  and  probability 
of  flooding  both  the  space  above  and  the  double  bottom  (see  figure  4.3).  For 
each  of  these  cases  there  may  be  a  different  probability  that  the  ship  will 
survive  in  flooded  condition.  A  way  out  of  this  dilemma,  which  has  to  be  used 
in  applying  the  new  regulations,  is  to  assume  that  the  nost  unfavourable  vertical 
extent  of  damage  (out  of  the  three  possibilities)  occurs  with  the  total 
probability  a.p.  Therefore  the  contribution  to  survival  probability  made  by 
more  favourable  cases  is  neglected.  That  the  concept  is  still  meaningful  for 
comparative  purposes  follows  from  the  fact  that  the  error  made  by  neglecting 
favourable  effects  of  horizontal  subdivision  is  not  great  and  the  more  important 
influence  of  longitudinal  damage  location  and  extension  is  fully  covered. 

Souq  examples  for  dealing  with  other  cases  of  horizontal  subdivision  arc 
given  in  Appendix  I. 
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(b)  Consideration  of  danage  penetration  in  addition  to  longitudinal 
danage  location  and  extent. 

With  the  simplifying  ascunption  that  the  danage  is  recte.ngv.lar  and 
neglecting  again  its  vertical  extent,  it  can  be  described  by  the  damage 
location  x,  the  danage  length  y  and  the  danage  penetration  z  (see  Figure  4.4). 
These  variables  can  be  represented  in  a  three  clinencional  ooordinate  systen 
as  shown  in  Figure  4.5*  Each  point  in.  the  prisn  with  triangular  bate 
represents  a  danage .  All  danage c  which  open  a  side  compartment  correspond  to 
the  points  of  a  smaller  prisn  with  height  b  equal  to  the  distance  of  the 
longitudinal  bulkhead  fron  the  chip  aide,  which  is  erected  above  a  triangle 
t/ith  the  base  1^  equal  to  the  length  of  the  considered  cide  conpartuent. 

It  is  not  difficult  to  identify  in  Figure  4.4  the  volumes  which  correspond 
to  such  damage  which  flood  other  ports  of  the  chip  bounded  by  transverse 
and  longitudinal  watertight  structural  subdivisions. 

Dcrnge  location  x,  danage  length  y  and  danage  penetration  z  are  randon 
variables.  The  distribution  density  f (r,y, z)  can  be  derived  fron  the  danage 
statistics.  Thi3  distribution  density  cm  be  illustrated  by  assuming  it  to 
be  a  density  which  varies  fron  point  to  point  of  the  volume  shown  in 
Figure  4.5*  The  "weight"  of  the  total  volume  is  one  and  represents  the 
probability  that  there  is  a  damage  (which  is  assumed  to  be  certain).  The 
weight  of  a  partial  volune  (representing  the  flooding  of  certain  spaces) 
represents  the  probability  that  the  considered  spaces  axe  opened. 

The  probability  that  a  side  compartment  is  openod  can  be  expressed  as 
a.p.r. ,  where  a  and  p  are  to  be  calculated  according  to  formulae  (II)  to  (VII) 
of  Regulation  6  and  r  according  to  formula  (Z.)  of  Regulation  7  of  the  now 
Regulations.  The  probability  that  a  centre  compartment  in  addition  to  a 
side  comportment  ie  opened  can  be  expressed  as  a.p.  (l  -  r). 

Some  examples  for  the  calculation  of  the  probability  that  side  or  side 
end  centre  spaces  are  opened  are  given  in  Appendix  II. 

Again  it  is  to  be  stated  that  the  probability  calculated  on  the  base  of 
the  simplifying  assumption  mentioned  before  is  r.:A  exact.  Nevertheless  it 
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gives  a  comparative  measure  of  hou  the  probability  of  opening  spacc-s  depends 
on  transverse  and  longitudinal  structural  subdivisions,  which  tahes  account 
of  the  nost  essential  influences  and  neglects  secondary  effects  only, 
h'egleeting  the  randon  variation  of  longitudinal  and  transverse  damage  extent 
would  be  a  nuch  graver  error  than  that  which  is  caused  by  neglecting 
secondary  effects. 

3*  Danare  Statistics 

(a)  Source  of  data. 

.  The  following  considerations  are  based  on  the  information  contained  in 
various  33  ICO  documents.  They  summarize  casualty  data  reported  to  IMCO  on 
611  damage  cards.  There  are  2$6  cases  of  rammed  slaips  v/hich  contain 
infornation  on  each  of  the  following  cliaractcrictics : 

Ship  length  L 
Ship  breadth  B 
Damage  location  x 
Damage  length  y 
Damage  penetration  z. * 

In  order  to  omit  inconsistencies  of  the  results  derived  frer.  the  data, 
which  may  be  caused  by  the  use  of  different  samples,  the  following  investigations 
have  been  based  only  on  the  aforementioned  296  cases.  However,  additional 
investigations  have  been  made  using  also  the  information  given  for  other  cases. 
Despite  the  random  scatter  which  is  to  be  expected  because  of  the  use  of 
different  samples  composed  in  random,  they  lead  to  the  same  conclusion. 

For  the  investigation  of  the  dependency  of  damage  length  on  the  year  of 
collision  a  different  sample,  including  209  cases  in  which  L,  y  and  year  of 
collision  ere  given,  had  to  be  used. 

(b)  *  General  considerations  on  damage  extensions. 

Common  sense  dictatos  that  damage  extent  depends  on: 

(i)  structural  characteristics  of  the  rammed  ship; 

(ii)  structural  characteristics  of  the  ramming  ship; 
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(iU)  nasa  of  the  reined  ship  ) 

J  • 

Uv)  mass  of  the  raining  ship  ) 

J  at  tine  of  collision 

(v)  speed  of  the  rammed  ship  J 

(vi)  speed  of  the  ranging  ship  ) 

(vii)  relative  course  angle  between  rained  and  ranging  ship; 

(viii)  location  of  damage  relative  to  the  ship* 3  length. 

Fron  the  point  of  view  of  the  rsnned  ship  only  iten  1  is  determined;  all 
other  items  are  random.  An  investigation  of  the  damage  length  of  ships  with 
different  numbers  of  docks  has  shewn  tint  there  is  no  significant  influence. 

This  docs  not  prove  that  there  is  no  influence.  It  is, however,  valid  to  conclude 
that  the  influence  of  structural  characteristics  is  rather  small.  It  therefore 
ccen-3  justified  to  neglect  this  influence. 

The  mass  of  the  rammed  ship  depends  on  its  size  and  its  leading  condition. 

The  influence  of  the  latter  is  small,  especially  for  passenger  chips.  For  the 
matter  of  simplicity  it  has  been  neglected.  To  account  for  the  size  of  the  rammed 
ship,  damage  length  has  been  related  to  the  ship  length  and  damage  penetration  to 
the  ship  breadth. 

The  following  will  show  that  the  damage  length  does  not  depend  significantly 
on  the  place  in  which  it  occurs  in  the  ship's  length.  From  this  it  is  concluded 
that  the  damage  extent  does  not  depend  on  the  location  of  the  damage  except  at  the 
ship  ends  where  damage  length  is  bounded  according  to  the  definition  of  damage 
location  as  the  centro  of  the  damage. 

Same  comments  on  the  mass  of  the  ramming  ship  are  given  below. 

(c)  Distribution  of  damage  length. 

Preliminary  investigations  have  led  to  the  conclusion  that  the 
distribution  of  the  ratio  damage  length  to  ship  length  y/L  is  approximately 
independent  of  the  ship  length.  A  proof  will  be  given  below.  As  a 
consequence  y/L  can  be  taken  as  independent  from  L. 

From  theoretical  considerations  (using  the  central  limit  theorem)  it  follows 

that  y/.  +  c  (where  e  Is  a  constant)  is  approximately  log-normal  distributed. 

L  y  y 

This  is  proved  by  Figures  4.6  and  4.7,  which  show  good  agreement  between  the  log- 
normal  distribution  function  and  distribution  density  on  the  one  hand  and  the 
corresponding  results  of  the  damage  statistics. 


Figure 4.9  Regression  of  nondim.  damage  length 
on  nondim.  damage  location 
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Figure  4*8  chows  the  regression  of  y/ L  on  L  for  L  *  200  n  (five  do.mo.ges 
belong  to  ships  with  L  >  200  n).  The  regression  line  lias  a  snail  negative  slope 
which  proved  to  be  insignificant.  That  means  that  it  nag  be  caused  by  samples 
ta2:en  at  randon.  There  night  be  a  snail  dependence  of  y/L  on  the  ship  length, 
but  it  is  so  snail  that  it  cannot  be  derived  fren  the  given  sample.  It  is 
therefore  certainly  no  grave  error  to  assume  y/L  to  be  independent  of  ship 
size  for  L  *200  n. 

An  explanation  of  this  independence  night  bo  that  snail  vessels  are  nore 
lilcely  to  ueet  nainly  snail  vessels  and  large  vessels  are  nore  lihely  to  ueet 
nainly  large  vessels.  Hov.'over,  this  reasoning  cannot  be  extended  for  very 
•  large  vessels  because  of  the  snail  total  number  of  such  ships.  Because  of  the 
very  few  damage  cases  concerning  ships  with  L  >  200  n  nothing  can  be  said  about 
the  damage  distribution  of  such  ships.  It  seens  reasonable  to  assume  as  an 
approximation  for  ships  with  L  >200  u  that  the  median  of  the  damage  length 
is  constant  and  equal  to  the  nedian  for  L  =  200  n.  The  latter  equals 
200  ,  (y/L),;0.  where  (yA)^0  is  the  nedian  of  the  non-dimensional  damage 
length  for  ships  with  L  =  200  n. 

The  regression  of  the  non-dimensional  damage  length  y/L  on  the  non- 
dimensional  damage  location  is  shown  in  Figure  4. 9*  It  shows  that  there  is  no 
8i(7uficant  difference  between  the  damage  distributions  in  the  forward  and  aft 
half  of  the  ship,  but  simple  geometric  reasoning  indicates  that  the  damage 
length  at  the  ends  of  the  ship  -  forward  as  veil  as  aft  -  is  limited  to  smaller 
values  than  in  the  central  part  of  the  ship.  Therefore  the  log-normal  distribution 
found  for  all  values  of  y/^  -  independent  of  damage  location  -  is  the  marginal 
distribution.  The  ** orre sponding  conditional  dictribution  of  y/L  on  the 
condition  that  the  damage  location  is  given  docs  not  need  to  be  considered 
as  for  the  practical  application  an  appropriation  will  be  used,  which  allows 
establishment  of  a  very  simple  relationship  between  the  conditional  and 
marginal  damage  length  distribution. 
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(d)  Dependence  of  damage  length  cn  year  cf  collision. 

Increasing  speed  and  cize  of  ships  during  recent  yeorB  suggests  that  the 
averaje  size  of  damage  in  cases  of  collision  also  is  growing.  In  order  tc 
investigate  this  presumption  a  regression  analysis  of  the  logarithm  of  the 
non-dimensional  damage  length  on  the  year  of  collision  has  been  made.  The 
result  is  shown  in  Figure  4.1 0.  This  figure  shows  a  significant  positive 
slope  of  the  regression  line,  which  proveo  that,  cn  average,  the  damage 
length  increases  with  tine. 

It  therefore  seens  wise  not  to  use  the  distribution  which  results  from 
all  damage  data  independent  of  the  year  of  collision,  is Burning  that  the 
variance  aheut  the  regression  lino  is  constant  it  is  possible  to  derive  frim 
the  regression  analysis  the  distribution  function  of  the  nor.-dinensiunal 
damage  length  for  any  arbitrarily  chosen  year;  such  a  function  is  determined 
by  the  nean  (which  is  given  by  the  regression  line )  and  the  variance  about 
the  regression  line  of  the  logarithm  of  y/L  +  Cy .  Some  samples  are  given  in 
Figures  4.11  and  4.12. 

_(«)  Distribution  of  damage  penetration. 

Similar  considerations  as  in  the  case  of  the  damage  length  lead  tc  the 

conclusion  that  z/B  +  e  is  approximately  log-normal  distributed  and  does  not 

z 

depend  on  the  ship  size,  which  in  this  connexion  is  represented  by  the  breadth  B 
of  the  ship.  Figures  4.13  and  4.14  show  the  good  agreement  between  the  log-normal 
distribution  and  the  corresponding  values  obtained  from  the  damage  statistic. 
Figure  4«15  proves  that  there  is  in  fact  no  significant  dependence  of  z /B  on  B. 

Lc  to  be  expected,  there  is  a  strong  correlation  between  z/B  and  y/L. 

Figures  4*16  and  4.17  show  that  z/B  increases  in  the  average  with  increasing 
i.L.  The  Joint  distribution  of  the  logarithm  of  (y/L  *  a  )  and  (z/B  +  e  ) 
is  a  bivariate  normal  distribution.  Frcn  that  distribution  the  conditional 
distribution  of  z/B  on  the  condition  that  the  damage  length  assumes  certain 
values  y/L  can  be  derived. 
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y/L  -  damage  length /ship  length 
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(f)  Distribution  of  damage  location 

Inspection  of  the  histogram  (Figure  4.18)  of  the  non-dimensional  damage 
location  shows  that  damages  in  the  forward  half  of  the  ship  are  more  frequent 
than  in  the  aft  part.  No  explanation  can  be  offered  for  the  peaks  of  the 
histogram  at  about  x/L  =  0.45  and  x/L  =  0.95i  except  that  they  are  random 
because  of  the  limited  sample. 

Because  the  damage  location  is  defined  as  distance  from  the  aft  terminal 
of  L  to  the  centre  of  the  damage  it  always  has  a  distance  of  y/^L  from  the  ends 
of  the  ship.  Starting  with  a  simple  as simp ti on  for  the  conditional  distribution 
of  x/L  on  the  condition  that  y/L  assumes  certain  values,  the  marginal  distribution 
density  which  is  shown  os  curve  in  Figure  4.18  has  been  derived.  The  correspond¬ 
ing  distribution  function  is  given  in  Figure  4.19* 

4«  Determination  of  the  Probability  that  a  Damaged  Ship  will  net 

Capsize  or  Sink 

(a)  Criterion  for  capsizing  and  sinking. 

It  is  not  possible  at  the  present  state  of  knowledge  to  determine  with 
any  degree  of  accuracy  criteria  for  capsizing  of  ships  in  waves.  However,  it 
is  possible  to  get  a  simplified  relationship  which  takes  into  account  only 
certain  parameters  end  disregards  others. 

In  order  to  establish  a  relationship  between  relevant  factors  and 
critical  wave  height  at  which  a  ship  capsizes,  model  tests  conducted  separately 
in  the  United  Kingdom  and  the  United  States  of  America  were  analyzed. 

In  both  of  these  set  of  tests  it  was  noted  that  for  any  given  sea  state 
and  freeboard  the  critical  range  of  GJ!  within  which  capsizing  or  survival  was 
uncertain  wac  quite  narrow  Consequently  it  was  considered  justifiable  to 
treat  the  jrelationship  as  determinate  even  though  some  degree  of  randomness  nay  be 
present,  especially  in  natural  sea  conditions. 

From  the  results  of  the  model  tests  it  wac  decided  to  use  CM  and 
effective  freeboard  rather  than  righting  arm.  Observations  in  the  model 
tests  showed  that  in  some  cases  there  could  be  ambiguity  as  to  the  effectiveness 
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cf  the  righting  arms  dependent  upon  the  direction  of  heel  and  upon 
structural  arrangements.  The  model  testa  further  showed  that  the  minimum 
righting  am  required  for  survival  relative  to  waves  varies  in  a  complex 
manner  with  freeboard. 

The  results  of  the  model  tests  showing  the  relationship  between  GM, 
significant  wave  height  and  freeboard  are  given  in  Figure  4.20, 

Supplemental  model  experiments  shewed  that  for  any  given  sea  state  the 
C3I  necessary,  in  association  with  any  given  freeboard,  is  approximately 
proportional  to  the  ship's  breadth. 

The  Figure  shows  that  (31  and  freeboard  alone  are  not  fully  sufficient  to 
determine  the  critical  wave  height.  Nevertheless  the  critical  wave  height 
may  be  expressed  as  a  function  of  freeboard,  GM  and  breadth: 

GH  F 

**1/3  critical  ~  ^  ^  ^ 

where:  Fg  is  the  effective  freeboard  after  carnage  including  on  allowance 
both  for  the  virtual  increase  cf  freeboard  duo  to  erections  or 
sheer  and  for  a  decrease  of  freeboard  due  to  heel; 

GH  is  the  effective  netacer.tric  height  flooded;  and 
e  ~ 

E2  is  the  extreme  moulded  breadth  at  midlength  of  the 

bulkhead  deck. 

Requiring  that  the  deck  of  the  undamaged  part  of  the  ship  is  not  submerged 
is  considered  a  reasonable  criterion  that  the  ship  will  not  sink  due  to  lack 
of  buoyancy. 

(b)  Wave  height  distribution 

Fron  the  sea  condition  reports  of  collided  ships  contained  in  IMCO 
Casualty  data,  the  distribution  of  wave  heights  has  been  derived.  Figure  4.21 
shows  this  distribution.  It  may  be  noted  that  this  distribution  of  wave 
heights  shows  very  low  wave  heights  associated  with  apprec  able  values  of 
probability.  This  is  because  calcs  were  reported  in  many  cases.  It  is 
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possible,  however,  that  Gmail  waves  cr  swell  nay  actually  have  been  present  ' 
and  therefore  that  nore  accurate  information  would  have  resulted  in 
somewhat  greater  wave  heights  at  those  probability  levels.  Llso,  independent 
of  sea  conditions,  ships  are  subject  to  other  sources  of  heeling  nonents 
such  as  unsymetrical  distribution  of  persons,  tankage,  etc. 

Therefore  a  slight  codification  of  the  distribution  appeared  to  be  in 
order. 

(c)  Draught  and  pemeability  distribution. 

Lb  background  information,  cargo  loading  data  for  16  ships  involving 
a  total  of  569  departures  plus  arrivals  was  analyzed  in  order  to  find  the 
distribution  of  draught  and  pemeability. 

Examination  of  these  data  indicates  that  the  average  of  tl,«*  cargo  space 
permeabilities  varied  with  draught  in  a  logical  manner. 

For  ships  having  a  small  range  of  operating  draughts  (due  appreciably 
or  principally  to  variations  in  tankage),  the  likelihood  is  high  that  cargo 
spaces  may  be  only  slightly  occupied  or  empty  even  when  the  draught  of  the 
ship  is  near  dg .  On  the  other  hand,  for  ships  having  a  greater  range  of 
operating  draughts  there  is  greater  likelihood  that  some  of  this  draught 
range  will  be  due  to  variations  in  cargo  and  therefore  that  cargo  spaces 
cay  be  occupied  by  some  cargo  at  any  draught.  It  the  same  time,  for  any 
given  ship,  the  possibility  increases  that  the  cargo  spaces  may  be  only 
partially  filled  or  empty,  as  the  operating  draught  decreases. 

For  the  purposes  of  simplicity  only  the  marginal  distribution  of  the 
draught  is  used.  The  variation  of  permeability  is  taken  into  account  by 
using  the  average  dependency  of  permeability  on  draught. 


Taken  as  a  whole  it  appeared  that  the  draught  distribution  density  may 

be  assumed  triangular  with  its  maximum  value  at  d  +  -r  (d  -  d  ),  where  d 

0  5  s  0  o 

is  the  lightest  service  operating  draught  and  d  is  the  subdivision  draught, 
see  Figure  2,9.  The  average  relationship  between  permeability  end  draught 


STAB  XV/ll  MSC/Circ  .153 

jJQXEH  II  28  November  1973 

Page  62 


ia  given  In  new  Regulation  4(b)  •  Figure  4«22  shove,  for  tvo  of  the  sample  shipe, 
how  their  permeabilities  oonpoxe  with  the  permeabilities  given  by  the*  formula* 

(d)  Determination  of  the  probability  of  not  capsizing  or 
sinking. 

The  probability  that  a  ship  with  a  given  ©I  and  freeboard  will  not  capsize 
is  equal  to  the  probability  that  the  critical  wavo  height  related  to  thoso 
parameters  is  not  excoodod.  Thoreforo  tur  probability  that  a  ship  will  not 
capsize  can  be  derived  fTca  the  wave  hoicht  distribution.  A  simple  approximation 
of  thie  probability  is: 

* 

•  but  not  more  than  1.0 

In  the  interest  of  comparing  the  results  of  this  formula  with  the  nodol 
experiments,  the  following  infornaticn  for  probabilities  near  1.0  and  0.5  ia 
given: 


I 


COMPARISON  BETWEEN  UK/US  MODEL  TEST  AND  FORMULA  GM'S  RELATIVE  TO  SAFETY 
(MODEL  GM'S  ARE  THE  MEAN  OF  THE  WINDWARD  AND  LEEWARD  RESULTS) 


U.K.  TESTS 

U.S.  TESTS 

SHORT  VOYAGE  VEHICLE  FERRY 

LONG  VOYAGE  TYPE  SHIP 

111.0  (Ls)x  16.78  (B^x  5.65  (D) 

170.0  (Ls)x  23.17  (Bx)x  13.6  (D) 

Si 

Fe 

(metres) 

GM  REQUIRED 

ACCORDING  TO: 

(metres) 

GM  REQUIRED 

ACCORDING  TO: 

MODEL 

TESTS 

FORMULA 

MODEL 

TESTS 

FORMULA 

0.99 

1.190 

!==== 

0.45 

0.58 

1.330 

0.77 

0.71 

0.690 

1.05 

0.99 

0.830 

1.11 

1.14 

0.266 

2.45 

2.58 

0.406 

1.72 

2.33 

0.50 

1.190 

-0.15 

0.19 

1.330 

0.03 

a. is 

0.690 

0.05 

0.25 

0.830 

0.08 

0.29 

0.266 

0.35 

0.66 

0.406 

0.16 

0.59 
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The  formula  for  si  gives  only  the  probability  at  a  given  draught  and  GM. 
It  ia  necessary  to  obtain  the  composite  probability  for  all  combinations  of 
draught  and  GM.  For  purposes  of  simplicity  the  random  variation  of  (3*1  in 
service  is  neglected  and  only  tha  required  Gw  as  a  function  of  draught  is 
used. 

The  s-value  for  the  complete  range  of  draughts  is  obtained  by  integrating 
the  product  of  s^  which  is  a  function  of  draught  and  the  distribution  density 
of  draught  over  the  draught  range. 
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APPJUIDIX  I 

TRANSVERSE  SUBDIVISION 

It  Figure  4 .  A .  1  attached  hereto  shows  two  conpartnents  nanccl  A  and  D. 

Compartment  A  is  divided  by  local  subdivision  into  the  spaces  A.  and  A- . 

For  the  purpose  of  calculating  the  products  a  p  s  which  contribute  to  the 
attained  subdivision  inde::  the  following  fictitious  conpartnents  and  groups 
of  conpartnents  have  to  be  considered: 

(1)  compartment  1  of  length  1^  :  p  based  on  1^ 

s  based  on  flooding  of  space  A^ 

(2)  conpartnent  2  of  length  10  :  p  based  on  1 2 

s  based  on  flooding  of  space  A^  only  or 
of  A2  only,  or  of  A1  and  Ag,  whichever 
results  in  the  least  s-value 

(3)  conpartnent  3  (or  B)  of 

length  1^  :  p  based  on  1^ 

s  based  on  flooding  of  conpartnent  B 

(4)  conpartnents  1  +  2  :  p  based  on  1^  and  12 

s  based  on  flooding  of  or  of  A^  end 
Ag,  whichever  results  in  the  least  s-valv. 

(5)  conpartnents  2  +  3  *  p  based  on  12  and  1  ^ 

s  based  on  flooding  of  A1  and  A2  and  B  or 
of  A^  and  B  or  of  A?  and  B,  whichever 
.  results  in  the  least  s-value 

(6)  conpartnents  1  +  2  +  3  :  P  based  on  1.,  12  and  1^ 

s  based  on  flooding  of  A^  and  B  or  of 
A^  and  and  B,  whichever  results  in  the 
least  s-value 
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2.  It  would  Tie  also  conpatible  with  the  new  Regulations  to  ignore  the  local 
subdivision  with  respect  to  the  calculation  of  the  p- value.  In  this  case 
the  following  conpartnents  and  group  of  conpartnents  have  to  be  considered: 

(1)  conpartnent  A  of  length  1A  =  11  +  12  :  p  based  on  1^ 

s  based  on  flooding  of  space  A1 
or  of  space  Ln  or  of  spaces  A^ 
and  Ag,  whichever  results  in  the 
least  e-value 

(2)  conpartnent  B  of  length  1^:  p  based  on  1^ 

s  based  on  flooding  of 
conpartnent  B 

(3)  conpartnents  A  +  B:  p  based  on  1^.  and  1  j 

s  based  on  flooding  of  A1  and  B 
or  of  A2  and  B  or  of  A-j  and  A2 
and  B,  whichever  results  in  the 
leaBt  8-value 

3.  Obviously  the  approach  given  in  paragraph  1  above  will  generally  lead  to 
.  a  hi$ier  (but  at  least  the  sane)  attained  subdivision  hide::  than  the 

approach  of  paragraph  2.  Also,  the  error  nade  by  neglecting  the  actual 
distribution  of  danage  in  the  vertical  direction  is  nuch  snaller  ir.  the 
first  case. 

4.  /mother  exanple  of  local  subdivision  is  shown  in  tne  attached  Fig.  4A.2. 

The  following  table  illustrates  how  this  case  can  be  handled. 


calculated  inelmiinf,  the  effect  of  local  ouhdi visi '  i  (see  Fig 
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♦)  whichever  results  in  a  smaller  s-value 
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APPENDIX  II 

I.  Combined  transverse  and  longitudinal  subdivision 


1.  Provisions  have  been  included  in  the  new  Regulations  which  permit 
evaluation  end  acceptance  of  ships  with  combined  longitudinal  end 
transverse  subdivision.  It  sesns  that  a  full  understanding  end 
correct  and  uniform  application  of  the  new  provision  nay  be 
facilitated  by  sone  illustrative  material.  It  is  based  on  two 
different  arrangements  of  combined  longitudinal  and  transverse 
subdivision  as  shown  in  Fig.4.A.3>  and  4-A.4»  appended  hereto, 

2.  The  following  nomenclature  will  be  used: 

1.,  12,  1......  distances  between  bulkheads  bounding  either 

*  ^  inboard  or  wing  compartments  as  shown  in 

Figures  4.A.3  and  4.A.4. 

ll2  »  1-j+125  12j  *  I2+I3;  I34  *  “3+*4  etc* 
lv3  *  I1+I2+I3;  I2-4  +  l2+l3+^4  e<tc* 

1_  _  *  1-+1-+1 .+1CJ  1-  r  =  l,+l.+lc+lr  etc. 

2-5  234  5  3456 

P-jiP2iPj  etc.  are  p  calculated  by  formulae  (IV) 

using  11#12,1^  etc.  as  1 

p12,p23,p34  etc*  0X6  p  calculated  by  formulae  (IV) 
using  112,  125,  1^  etc.  as  1 


x) 


as  given  in  the  new  Regulations 
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P-I_3*P2-4  eto* 
p2-5*p3-6  etc‘ 
r1,r2,r3  etc* 


axe  r  calculated  by  formulae  (X)x^ 

using  l12»l23*134  etc* 
as  1  and  b  as  defined  in  the:  paragraph 
'-allowing  the  aforenentioned  fomulae  (X)‘^ 

exe  x  calculated  by  fomulae  (X)3^ 
using  l^t  l^_g  etc. 
as  1  and  b  as  defined  in  the  paragraph 
following  the  aforenentioned  fomulae  (X)x^ 


r12,r23*r34  etc. 


r2-5,r3-6  etG* 


are  p  calculated  by  fomulae  (IV)'  ' 
using  l^j,  ^2-4  etc*  £S 

axe  p  calculated  by  formulae  (IV)X^ 
using  lg^il^g  etc.  as  1 

are  r  calculated  by  fomulae  (X)"^ 
using  l1#l2fl^  etc. 

as  1  and  b  as  defined  in  the  paragraph 
following  the  aforenentioned  fomulae  (X)2^ 


as  given  in  the  new  Regulations 
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Application  of  Regulation  7  (c)  subdivision  arrangement  shown  in  Pig.4-A. 
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II.  Recesses  (Regulation  6(a) (ill) 


1.  Recesses  to  be  dealt  with  in  accordance  with  Regulation  6(a)(ili). 
However,  the  provision  of  Regulation  7  nay  be  applied  if  necessary. 

This  will  be  deoonstrated  using  the  example  shown  in  Fig.4.A.  5.  appended 
hereto. 


2.  The  following  nomenclature  will  be  used: 


h-h'h 

as  shovn  in  Fig.  4  A.  5 

P^  »?2  »P ^ 

_\ 

are  p  calculated  by  formulae  (IV)  '* 

using 

11»12»13  m  ^ 

are  p  calculated  by  formulae  (I7)x^ 

using 

P12,P23 

11+12  and  l2+lj  as  1 

is  p  calculated  by  formulae  (I7)x^* 

using 

p123 

l^+lj'+dj  as  1 

r1 

is  r  calculated  by  formulae  (X)x^f 

11  as  1  and  b  an  shown  in  Fig.4  A. 5 

using 

r2 

is  r  calculated  by  formulae  (X)x)’ 

12  as  1  end  b  as  shown  In  Fig.4  A.  5 

using 

r12,r23 

are  r  calculated  by  formulae  (X)x^* 

using 

1^+1 2  as  1  end  b  as  shown  in  Fig. 4  A.  5 

r12j  ia  r  calculated  by  formulae  (X)x^*  using 

l^+lj+lj  as  1  and  b  as  shown  in  Fig.4  A.  5 


*) 


as  given  in  the  new  Regulations 


1 

SQUAT 

USCG-CITS-71- 1-1 

$3.75 

II 

MANEUVERING  &  STOPPING 

USCG-CITS-71-2-2 

$4.00 

III 

Code  of  Safety  for  Fishermen  and 
Fishing  Vessels  -  Part  B 

SAFETY  AND  HEALTH  REQUIREMENTS 

FOR  THE  CONSTRUCTION 

AND  EQUIPMENT  OF  FISHING  VESSELS 

USCG-CITS-73-1-1 

$5.00 

1V 

Regulations  on  Subdivision  and 

USCG-CITS-74-1-1 

$4.50 

Stability  of  Passenger  Ships  as 
Equivalent  to  Part  B  of  Chapter  II 
of  the  INTERNATIONAL  CONVENTION 

FOR  THE  SAFETY  OF  LIFE  AT  SEA,  1960 

Hotel  Additional  copies  of  this  and  previous  volumes  are  available  from  the 
National  Technical  Information  Service,  5285  Port  Royal  Road,  Springfield, 

VA  22151  at  above  cost  per  paper  bound  copy  or  $1,45  in  microfiche. 

When  ordering,  use  title  and  report  number. 
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3.  Application  of  provisions  of 

Spaces  to  b«  considered 
flooded  for  s*calculation 

A 

B 

A  and  B 

4.  Application  of  provisions  of 

A 

B 

A  and  B 


Regulation  6(a)(iii): 

p-factor  to  be  used  for  calculating 
contribution  to  attained  subdivision 
index 

P  -  P12  r12 
P  *  P3 

P  -  PL23  ’  p12  r12  “  p3 
Regulation  7: 

P  "  pl2  r12  +  pl  (l’rl) 

P  ■  P3 

P  -  P123  -  Pl2  r12  ‘  pl  (1'rL>  ’  p3 


I 

SQUAT 

USCG- CITS- 7 1-1-1 

$3.75 

II 

MANEUVERING  A  STOPPING 

USCG-CITS-71-2-2 

$4.00 

III 

Code  of  Safety  for  Fishermen  and 
Fishing  Vessels  -  Part  B 

SAFETY  AND  HEALTH  REQUIREMENTS 

FOR  THE  CONSTRUCTION 

AND  EQUIPMENT  OF  FISHING  VESSELS 

USCG- CITS- 73- 1-1 

$5.00 

IV 

Regulations  on  Subdivision  and 

USCG- CITS- 7 4- l-l 

$4.50 

t 

Stability  of  Passenger  Ships  as 
Equivalent  to  Part  B  of  Chapter  11 
of  the  INTERNATIONAL  CONVENTION 

FOR  THE  SAFETY  OF  LIFE  AT  SEA,  1960 

Motet  Additional  copies  of  this  and  previous  volumes  are  available  from  the 
National  Technical  Information  Service,  5285  Port  Royal  Road,  Springfield, 

VA  22151  at  above  cost  per  paper  bound  copy  or  $1*45  in  microfiche* 

When  ordering,  use  title  and  report  number. 


